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Abstract 
The aim of this report is to indicate how the use of renewable resources for electricity production 
in the Western Cape can be increased through the development of renewable energy projects and 
changes in the regulatory framework. We set a target of 600 GWh of consumed electricity 
produced using renewable resources by 2012 in the Western Cape and developed different 
options for fulfilling this goal.  
The findings of the report indicate that there is indeed a physical potential for the introduction of 
solar, wind and landfill gas projects in the Western Cape and the technological requirements for 
such project types are proven, but regulatory changes are required in order to promote a 
development in the Western Cape securing renewables as part of the electricity mix. Changes to 
the regulatory framework should include the introduction of tax rebates for renewable energy 
projects as well as state subsidies for the development of solar thermal projects, the use of a 
wheeling and banking system to improve the market conditions for renewables, the introduction 
of an obligation for electricity distributors to purchase 2.4% of their total electricity purchases 
from renewable resources and the introduction of an environmental labelling system for industry 
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using electricity from renewable resources. These recommendations are intended to start an 
industrial development by giving special status to solar thermal technology, as this technology 
appears to offer the best development prospects for the Western Cape.  
The inclusion of solar thermal technologies in the recommendations does lead to a higher price 
for the introduction of renewables in the Western Cape, but it is the development path that 
offers the best development perspectives with relation to the creation of employment 
opportunities and a potential export market for developed technologies and expertise in this field.  
The achievement of the goal is indeed possible in the Western Cape, but it is reliant on the 
necessary changes recommended in the regulatory framework, which will lead to an increase in 
the use of renewables. Political interest in executing these changes is essential, yet the economic 
and employment spin off effects of developing renewables in the Western Cape could be of great 
benefit to the province.  
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 1 Introduction 
Since the transition from apartheid to majority rule in 1994, South Africa has been undergoing 
major social and economic changes. The electricity sector has also been affected by this 
transition, especially in the field of electrification of poor and rural areas, the proposed 
liberalisation of the electricity market, the planned unbundling of the generation, transmission 
and distribution sectors in the electricity system, and the creation of a new distribution structure.  
The use of renewables in South Africa is still very limited accounting for only 0.92%1 of the total 
electricity produced. The dominance of coal in electricity production is the source of emissions, 
many of which lead to environmental degradation. The need to overcome these problems has 
lead to a fledgling interest in renewables, which along with clean coal technologies can decrease 
the environmental impact of electricity production. The importance of the introduction of 
renewables in the electricity sector in South Africa is not only a question of protecting the 
environment, but could also lead to job creation, social upliftment of the poor and foreign 
investment in the country.  
Renewable energy in South Africa received a boost due to the hosting of the World Summit on 
Sustainable Development in Johannesburg in 2002. A white paper on renewable energy was 
published in August 2002, which mapped out the government’s vision for the role renewable 
energy can play in South Africa as well as setting a target of 10,000 GWh consumed energy from 
renewable sources by 2012. The white paper has, however, been heavily criticised from various 
stakeholders for being too vague on what should be done to encourage the use of renewable 
energy (Davidson, 3/3 2003)2. Despite the release of the white paper and small signs of budding 
political interest, renewable energy is still only a fledgling industry in South Africa with many 
hurdles to overcome before the production of electricity from renewable resources establishes a 
firm foothold in the country. 
Due to South Africa’s past history of discrimination and the high unemployment rate, the most 
important issues at present for the majority of politicians at both national and local level are 
social upliftment, black economic empowerment and the battle against unemployment.3 
Concerns for the environment are on the political agenda, but are not a priority and take a 
backseat to the main political issues stated above. Therefore it is not only important for 
renewable energy to play an environmental role, but also to contribute to the upliftment of black 
South Africans (and other historical disadvantaged groups) as well as create jobs in the country. 
                                                 
1 The share of renewable resources in the total electricity consumption is determined by summing up the load factors 
from the existing generation facilities compared to the share of renewables in the production. For the co-fired 
bagasse and coal plants the amount of bagasse is balanced by the use of coal.      
2 A second revised white paper is currently being drawn up but has yet to be made public. Cabinet is expected to 
approve the revised white paper during 2003. 
3 “The 1994 Reconstruction and Development Programme” a political commitment to fight poverty and redistribute 
wealth and power made by the ANC states among others these goals.  
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This makes the implementation of renewable energy projects more complex than solely an 
environmental issue, but brings a social factor into the equation, which can justify the high initial 
costs involved in the creation of a renewable energy system. It is the possibility for development, 
both environmentally and socially, that makes the creation of an enabling environment for 
renewables an interesting issue in the South African electricity sector. 
Even though renewable resources have played an important role in providing electricity to many 
rural areas during the past decade’s extensive electrification programme there is a lack of 
awareness of the possibilities for connecting renewable electricity production to the national grid. 
Indeed some believe that the predominance of renewables in isolated rural areas has led to the 
misconception that electricity produced using renewable resources is best suited to hybrid and 
stand-alone systems as well as a widely spread belief among the general public that renewable 
energy is “poor man’s energy”. With the possibility of future foreign investment in renewable 
energy projects e.g. through the Clean Development Mechanism (CDM) it is important that 
South Africa be aware of the potential for grid connected electricity production using renewable 
resources and the role it can play on the electricity market. The creation of an enabling 
environment for renewables, as well as the high carbon emissions per capita could make South 
Africa a potentially attractive proposition for foreign investments in renewables, especially CDM 
projects, which in turn could play a role in achieving the goals set by the white paper on 
renewable energy. 
1.1 Problem Formulation  
South Africa is heavily reliant on coal-fired power plants, which comprise 90% of the 43,142 MW 
of installed capacity (Clark & Marks, 1999: 104), for the generation of electricity. This 
dependence on coal for electricity production leads to various environmental problems. The 
environmental impacts of coal burning are well documented, but in South Africa these effects are 
exacerbated by the lack of scrubbers and filters on most of the power plants to remove the 
polluting elements in flue gases.  Even though the effects of pollution stemming from coal fired 
power stations pose a health risk for those living in the vicinity of them, the pollution issue is, as 
mentioned earlier, low on the list of government priorities. 
Despite the fact that South Africa is not obligated to reducing the levels of carbon dioxide 
emissions according to the Kyoto Protocol which South Africa has ratified, the high carbon 
emissions intensity makes South Africa vulnerable to pressure to make some kind of 
commitment within the United Nations climate change negotiations4 (Spalding-Fecher, 2002a: 3). 
In 1999 South Africa’s energy sector carbon emissions totalled 964.45 million metric tones of 
which 38% can be directly attributed to the generation of electricity, by far the largest contributor 
to carbon emissions in the country (DANCED, 2001: 9). This high carbon emissions intensity 
does, however, make South Africa an attractive candidate for Clean Development Mechanism 
                                                 
4 South Africa’s carbon dioxide emission per capita in 1998 was 8.5 tons, which is the same as the European Union, 
and total CO2 emissions increased by 21.5% between 1990 and 1998 (Martinussen et. al., 2002: 52). 
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 investment projects, though government has not yet established the required institutions to allow 
for carbon trading. 
The almost total reliance on coal for electricity production leads to various logistical problems. 
The reliance on coal has lead to the concentration of generation capacity around the coalfields of 
the Mpumalanga province in the north east of the country (see Map 1). This leads to high 
transmission costs and some electricity losses during transmission to the western and southern 
parts of the country, as well as the need for capacity on the opposite end of the transmission 
network to anchor and stabilize the flow of electricity through the grid. Koeberg Nuclear Power 
Plant is currently fulfilling this role in the Western Cape, but blackouts do occur in the province 
during times of maintenance and refuelling at Koeberg. New generation capacity will have to be 
built in the Western Cape to anchor the proposed upgrading and enlargement of the transmission 
grid to supply the increasing consumption of electricity in the Western Cape (Munro, 14/2 2003). 
Map 1: Political map of South Africa (http://www.fe.doe.gov/international/safrover.html). 
 
 
With coal being a domestic resource it is difficult to imagine the South African electricity sector 
losing its reliance on it as the core fuel in power generation any time in the foreseeable future5. It 
                                                 
5 The entire South African economy is reliant on coal. 74% of total primary energy supply comes from coal 
compared to a world average of 24% (Spalding-Fecher, 2002a: 10). 
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is therefore necessary to consider the role of coal power when analysing the energy system. Even 
though there is an interest in reducing dependence on coal through diversification of the energy 
supply it is important to acknowledge that clean coal technology will play an important role in the 
energy system in the years to come. Eskom has intentions of upgrading the existing coal-fired 
power plants, which will involve modernisations and improvements in efficiency. Although such 
initiatives may maintain dependence on coal, clean coal technology can play the role of the 
stabilising factor in the national electricity supply, whilst diversifying the source of energy towards 
a more environmentally benign basis.  
A major concern for South Africa is the requirement for new generating capacity. The existing 
capacity in the country will only be sufficient until 2007/8 if the current trend of increasing 
consumption continues. It is estimated that 1,200 MW of additional capacity will be required 
annually from 2007 onwards (Clark & Marks, 1999: 105). Several plans for delaying the need for 
the commissioning of new capacity exist, such as the recommissioning of the mothballed 3,500 
MW Simunye plants6 and demand side management in the residential and commercial sector, but 
though successful in delaying capacity shortage, the construction of new capacity is unavoidable 
in the near future (Smit, 6/3 2003). 
The effect of building new generating capacity will probably be an increase in electricity prices, as 
the current low generation costs are due to the existing generating capacity having been written 
off and the exclusion of the environmental impacts of generation as an overhead. The 
introduction of new capacity will lead to more realistic generation costs, which will allow for new 
technologies to be used and a diversification away from coal, as well as opening the door for 
independent power produces (IPPs) to enter the market. The government has discussed 
earmarking 30% of all new generating capacity built in the future for IPPs. This will play an 
important role in liberalising the electricity sector, which is currently dominated by Eskom, but 
the introduction of IPPs does not necessarily promote the use of renewables. IPPs could, 
however, be one possibility for the increased use of renewable resources for electricity generation 
as the capital needed for investment in renewable energy projects such as wind farms and landfill 
gas power plants is far less than the capital required to build a conventional coal fired power 
plant, thus making it possible for smaller investors to enter the electricity generation industry. 
The creation of the Southern African Power Pool7 does, however, provide the opportunity of 
importing large amounts of electricity produced in neighbouring countries, and Eskom has 
identified 9000 MW potential for regional imports (Spalding-Fecher, 2002a: 14). This could 
possibly ease the burden of building new capacity within South Africa. 
                                                 
6 The name Simunye is the blanket term for the three power plants Camden, Grootvlei and Komati. 
7 The SAPP is composed of the national utilities of all Southern African Development Community countries, which 
is a political forum for discussing transnational development in sub-Saharan Africa. The operational control centre of 
the SAPP is in Harare and should facilitate increased electricity trading in the region. Government wants this to 
become a real-time power exchange, much the same as NordPool, but currently most trading is through fixed 
contracts (Spalding-Fecher, 2002a: 14).  
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 Eskom controls 95.6% of generating capacity (NER, 2000: 3), the entire high voltage 
transmission network as well as being the largest single electricity distributor in the country8 
(Clark & Marks, 1999: 105). This is problematic for the introduction of IPPs onto the South 
African market and a general liberalisation of the electricity sector. The South African 
government has been contemplating liberalising the electricity sector for some time, but there is 
no apparent timeframe for this. The lack of a clear agenda for liberalisation may be a hindrance 
for new players entering the market. The generation of electricity is, in theory, already a free 
market with IPPs allowed to produce electricity and sell it to distributors, though with Eskom’s 
current dominant position in the electricity supply industry there is a conflict of interests which 
could possibly lead to barriers being put up to hinder IPPs in the sale of their product. Despite 
the apparent willingness of the National Electricity Regulator (NER) to issue generating licenses 
and allow access to the national grid for IPPs, the existence of such a dominant force as Eskom 
currently is might reduce the likelihood of IPPs entering the market. Another possible 
explanation for the lack of IPPs in the electricity supply industry is that electricity generation is 
not considered good business due to some of the world’s lowest consumer prices for electricity in 
South Africa.  
1.2 Problem Statement 
The aim of this project is to identify the possibilities that exist in the Western Cape for the 
development of electricity generation through the use of renewable resources. We find the 
Western Cape well suited to the generation of electricity using renewable resources for various 
reasons. Firstly, the Western Cape has a high percentage of electrified households, which in turn 
allows for the focus of local government to shift from its first priority of providing electricity for 
all to developing renewable electricity potential. The Cape Town Metropolitan Council (the 
CMC) has already displayed its willingness to support renewable electricity projects in the region 
by entering into a power purchase agreement9 (PPA) with the Darling wind farm, despite the 
electricity being substantially more expensive than conventionally produced electricity. This 
decision has been made to improve the image of the city and promote it internationally as a 
‘green’ city to attract tourists (Munro, 14/2 2003). The tourism industry is the major source of 
income on the Cape Peninsula. Secondly, the Western Cape is well situated with regards to 
renewable resources. Good wind and solar potential exists within the province, whilst biomass 
and small-scale hydropower may also be possibilities. Landfill gas is also a possibility as is waste 
incineration, which has to be investigated, at least in the areas in close proximity of Cape Town, 
where the population density is high. 
The use of renewable resources to produce electricity does, however, pose various problems for 
electricity planning, which this project intends to address. Producing electricity using renewable 
                                                 
8 Eskom distributes to 40% of all customers and accounts for 55.1% of sales to end-users. The remaining end users 
receive their electricity from municipal distributors (NER, 2002a: 20). 
9 The CMC has agreed to buy 13.2GWh annually at 37 c/kWh (Munro, 14/2 2003). 
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resources is generally more expensive than using conventional methods, a major problem 
considering the government’s focus on cheap electricity. Other potential stumbling blocks for 
renewable electricity are a lack of awareness amongst the general public and decision makers, the 
image that renewables have of being a solution for electricity supply in rural areas as hybrid and 
stand-alone systems only and the inertia that appears to have gripped the government in regards 
to their intentions of liberalising the electricity sector.  
This leads us to the overall research question in this report: 
How can the use of renewable resources for electricity generation in the Western Cape be increased 
through the development of renewable energy project types and changes in the regulatory 
framework? 
As the problem statement shows this project is centred on exploring the possibilities for 
promoting the use of renewable energy sources for the generation of electricity in the Western 
Cape. The term renewable resource will, in this project, refer to all sources of energy such as 
wind, solar, water, biomass, wave etc. that are in their nature renewable. It can be discussed 
whether waste incineration and the use of landfill gas for energy purposes can be considered as 
renewable energy. Landfill gas is a product of the putrefaction of biomass, so it will be considered 
as a renewable energy source in this project. Waste incineration for electricity and heat generation 
is defined as renewable energy in Denmark amongst other countries and we will define waste 
incineration for energy purposes as being renewable energy in this report. 
The environmental benefits of the different generation technologies will be discussed and the 
emissions calculated in order to determine the environmental benefits and estimate reductions in 
green house gas (GHG) emissions. It is not within the scope of this project to discuss in detail 
site-specific environmental impacts of the different electricity generation project types considered 
in this report, as this will be assessed during the environmental impact assessment process at the 
implementation phase of the projects. This demarcation from in depth site-specific 
considerations is made as the focus of this report will be on the potential for the implementation 
of renewable energy projects in the Western Cape and the necessary regulatory changes required 
to create an enabling environment for renewables in the province in order to advance the use of 
electricity produced using renewable resources. The identification of projects types with potential 
will lead to a discussion of the conditions for the implementation of such projects with regards to 
market conditions, the regulatory framework, political interest and the potential for local industry 
to manufacture and develop technology for the various electricity generation projects. This will 
enable us to discuss the development paths for the introduction of renewables into the electricity 
mix in the Western Cape.  
The use of this project-based approach will draw attention to the possibilities for job creation, the 
environmental benefits and barriers to the implementation of further projects. It is our intention 
through this project-based procedure to indicate to decision makers in the Western Cape, as well 
as South Africa as a whole the role renewables can play in the electricity sector and the potential 
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 advantageous that can be gained by introducing renewables into the electricity mix in the Western 
Cape. 
We will look at the regulatory framework in South Africa at a local and national level and through 
our studies of different renewable energy projects and bearing in mind the political situation of 
South Africa, give our recommendations for changes to this framework. It is not within the 
scope of the project to discuss in detail supranational legislation such as the Kyoto Protocol, 
although CDM will be considered as a measure for promoting the use of renewables. 
1.3 Goal for the use of Renewables in the Electricity 
Production 
The first step in deriving our strategy is to set a goal for the amount of electricity generated using 
renewables as a percent of the total electricity consumption in the Western Cape. The goal is 
based on the government’s first white paper for the promotion of renewable energy. The 
government’s goal of an additional 10,000 GWh of renewable energy by 2012 is a national target. 
For the purpose of this project we have decided to divide it equally between the provinces 
according to their share of the total electricity consumption in South Africa.  
The lack of an explanation on how the national target was determined has been criticised, which 
is why a revision of the goal may be required. It is neither the intention of this project to discuss 
the validity of the goal marked out by the government nor to discuss whether the goal is realistic 
in the other provinces, but if our investigation shows that the target for the Western Cape is 
unrealistic a discussion of this will be made. For our research the goal will act as a guideline for 
further discussion. 
In the first government white paper for the promotion of renewable energy published in August 
2002 a target of an additional 10,000 GWh renewable energy should be a part of end energy use 
by 2012 (DME, 2002: vi).  With a consumption of 194,461 GWh in 2000 (NER, 2001: 2) the 
electricity demand in 2012 is expected to be between 246,000 and 268,000 GWh if the increase in 
demand is between 2% or 3% p.a., which according to Harald Winkler from EDRC is the 
common forecast for energy demand in South Africa. Without changes in the present energy 
policy it is most likely that electricity consumption will be about 250,000 GWh by 2012. The 
government’s target of an additional 10,000 GWh renewable energy will therefore make up ca. 
4% of electricity consumption if the goal is to be fulfilled in the electricity sector alone. 
According to the Department of Minerals and Energy (DME) the current plan is that the 
transport sector will contribute to achieving the goal by using an additional 4,000 GWh 
renewable energy in 2012 by increased use of bio-diesel. The remaining 6,000 GWh, equal to 
2.4% of the expected electricity consumption, is to be provided by the electricity sector (Rask 
Grøn, 4/2 2003). 
Other options for fulfilling the goal could be the increased use of renewable energy sources for 
cooking purposes or the increased use of renewable resources in energy intensive industry. The 
first option is not recommended as this traditional use of renewables is widely considered to be 
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unsustainable as particles from wood burning are a major health hazard and the intensive use of 
wood resources is seldom sustainable. The trend in fuel substitution for cooking is from the use 
of wood to the use of gas as this fuel is much less damaging for peoples health10 (Spalding-Fecher 
et al, 2002: 1101). The latter option regards the sugar industry in KwaZulu-Natal and paper mills 
in Mpumalanga, where co-generation from bagasse and pulp respectively would in all likelihood 
be economically viable projects. These kinds of projects are expected to be important 
contributors to achieving the national goal.  
In 2001 the total electricity consumption in the Western Cape was 19,177 GWh, whilst total 
consumption in South Africa was 194,461 GWh (NER, 2003). This means the Western Cape 
consumed 9.86% of the electricity generated on a national level. The development in electricity 
consumption in the Western Cape is not expected to differ significantly from the national average 
of between 2 and 3% even though the Western Cape is performing better economically than 
most regions in South Africa. This is due to the economy in Western Cape being based on 
tourism, which is not energy intensive (Smit, 13/3 2003). Following the expected forecast for 
energy consumption in South Africa the consumption in the Western Cape should be between 
23,844 and 26,545 GWh in 2012. With the government’s goal of 2.4% electricity produced using 
renewable resources for the country as a whole and an expected consumption of 25,000 GWh in 
the Western Cape by 2012 at least 600 GWh should be produced using renewable resources in 
order to fulfil the government’s goal. The 600 GWh goal for renewable electricity by 2012 in the 
Western Cape will be used as a target for this project with the intention of determining the 
potential for the implementation of renewables in the Western Cape and will form the basis for 
drawing up a strategy for the introduction of renewables in the province.    
1.4 Current Status of Renewable Energy in Western Cape 
The Western Cape has no grid-connected commercialised electricity production based on 
renewable resources at present. There are, however, two small wind power projects in progress. 
The Klipheuwel 3.16 MW demonstration wind farm, commissioned in August 2002, consists of 
three wind turbines erected by Eskom and produces electricity that is fed into the national grid. 
The other project is the Darling wind farm, which is not yet producing electricity, but which 
recently signed a power purchase agreement with the Cape Town Electricity Department for the 
supply of 13.2 GWh annually produced from the 5.1 MW installed capacity (Munro, 14/2 2003). 
It can be discussed what the status for these projects should be with regards to the government 
goal as both projects had already been launched, but were not producing electricity at the time 
the white paper was published. Due to the fact that there was no production of electricity from 
renewable resources at the time the goal was set, we will, in this report, count the production 
from the two new wind farms as the first small contribution towards achieving the goal.  
                                                 
10 For poor households gas is even considered as a more energy efficient solution for cooking than electricity, which 
is why promotion of such a switch is discussed. 
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 In order to estimate the environmental effects of the current electricity generation one has to take 
the location of the only African nuclear power plant, Koeberg, into consideration. The plant is 
located just north of Cape Town and feeds directly into the national grid, which is why the 
Western Cape has an annual production of 13,017 GWh of carbon neutral electricity, which 
covers a significant part of the electricity demand in the province (FEI, 2002: 17). The Western 
Cape is, however, dependant on the national grid for its electricity supply and the vast majority of 
the electricity in the national grid is produced using coal. Due to this the pollution generated per 
unit of electricity consumed will be considered as equal throughout the grid, in other words the 
national average for emissions from electricity generation will be used in order to determine the 
environmental effect of each project. The emissions from Eskom’s electricity generation, which 
accounts for 95.7% of all electricity generated is 850.6 kg CO2, 7.9 kg SO2 and 3.6 kg NOx per 
MWh.11  
1.5 Strategic Objectives 
Even though our approach to renewable energy is based on concern for the environment we 
have to consider a variety of issues in order to ensure that our strategy for the introduction of 
renewables in the Western Cape is feasible. 
The majority of South Africa politicians at both the national and local level are focusing on 
fighting poverty and inequality based on racial differences through black economic 
empowerment, job creation, social upliftment and other initiatives. Environmental issues are 
acknowledged, but are not a priority. A strategy that aims at increasing the use of renewables for 
electricity generation must take these political priorities into account.  
The extensive electrification programme is another issue, which we have to take into 
consideration when deriving a strategy for electricity generated from renewable resources in the 
Western Cape. This strategy must not hinder electrification plans, as providing access to 
electricity is an important tool for improving living conditions and thereby fight poverty. It is also 
important that our strategy does not result in higher electricity prices for the poor, as many 
people cannot afford to pay for electricity despite the low prices in South Africa.   
The South African electricity sector is in the process of restructuring. The strategy used must be 
able to function within the framework of the proposed changes. The move towards a liberalised 
electricity market and the creation of new distribution companies will be considered in the 
strategy in order to ensure feasibility. 
                                                 
11 Data used in calculations: Total Eskom electricity generation in 2000: 189,505 GWh (NER, 2001: 7), Total Eskom 
emissions in 2000: 161.2 million tons CO2, 1505 thousand tons SO2, 674 thousand tons NO2 and 2093 tons N2O. 
(Eskom, 2003) 
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2 Methodology in the Report 
The purpose of our research is, as already explained in the introductory chapter, to investigate the 
possibilities for promoting a more environmentally friendly electricity generation based on 
renewable resources in the Western Cape Province. We have chosen a project-based approach in 
order to fulfil the aim of our studies, which gives the advantage of being able to determine the 
problems connected to each project type which then contributes to giving the best conditions in 
order to derive recommendations for the increase in use of renewable resources in electricity 
production. The various types of electricity generation projects will be examined through the 
physical conditions for implementing the projects as well as economical aspects and market 
conditions. Our approach aims to identify possible development paths, which can be followed in 
the promotion of electricity generation from renewable resources in the Western Cape, and to 
uncover the existing barriers to this development through the findings in our suggested project 
types. To be able to present our recommendations of how to increase the use of renewables in 
the electricity production we have set up the goal of 600 GWh of the electricity consumed in 
Western Cape by 2012 should be derived from renewables. The goal is used as a guideline to 
measure which possibilities lies within this framework. The barriers derived from the elaboration 
of the suggested project types will be discussed as to develop a set of recommendations for 
changes in the regulatory system, which must be introduced in order to create an enabling 
environment. Our recommendations contributes to draw out the possible development paths 
that can be expected to come out of the changes in the regulation and how we expect the goal to 
be fulfilled. The analytical steps, which we are operating within is measured in the model below 
(Figure 2.1), and clarifies how we will answer our problem statement. 
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 Figure 2.1: Graphic illustration of the methodology in the report   
Project Economy – Market Conditions and Financing
Natural resources Consumption 
Ideas (different 
project types) 
Generation technologies 
Framework – Regulatory Tools
Possibilities for increasing the use of renewable 
resources in the electricity production 
2.1 Analytical Steps in the Report 
The analytical steps in our report contribute to answer our problem statement and is divided 
regarding to the provincial and the national level. The first step in our analysis takes place on a 
national level and is based on the existing political and legislative conditions with regards to the 
electricity sector. The section contains a discussion of which barriers exist in the framework 
conditions for the promotion of the use of renewable resources in the electricity production. The 
barriers, which have been identified through interviews and experiences gathered from other 
sources create the basis for how and under which circumstances our goals can be fulfilled. This 
introduction will create the basis for the following analytical steps in the report.  
The physical possibilities for our investigation is by nature connected to the local conditions, 
whereas the market conditions are of more regional and national origin. Taking regulatory tools 
and changes in the framework conditions into consideration this will be measured at a national 
level and will not only contribute to changes in the Western Cape. On basis of the local 
perspective we have chosen in this project, the initial analysis will therefore be based on the 
conditions specific for the province. The determination of the local conditions will bring the 
analysis to a national level of where the framework conditions are taken into consideration. This 
will lead to which changes in the framework which we find is necessary to promote the 
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development and the analyse will again be brought down to the provincial level leading to the 
discussion of how the regulation will affect and promote the development. In the following 
section we explain the analytical steps in the report.  
2.1.1 Project Selection 
After we sat up our vision (goal) for the use of renewables for electricity generation and discussed 
the strategic objectives of which our recommendations must be measured within the next step in 
our analysis is to select a number of generation technologies for further studies. The purpose of 
this “pre-selection / qualification” of project types is by an analysis of the available natural 
resources and the technological electricity generation options to identify promising types of 
electricity generation projects which should be explored further. Including in this initial analysis 
will as well be a discussion of how the implementation of electricity projects based on renewable 
resources will affect the current electricity generation in the province. With these findings in mind 
we will turn to look at how to fulfil the goal considering the available natural resources and 
generation technologies. The first step will be to determine the potentials for using different 
renewable energy sources for electricity generation. Secondly we will examine the different 
technical possibilities existing on a proven level to approve the technical feasibility of each 
project. The selection differentiates between three stages of development being pilot, 
demonstration or commercialised level of which the technology can be defined though defined as 
proven. The use of these terms is of great importance when we later in the report considers the 
possible development paths as well as which regulatory instruments can be introduced.  
The selection will lead to a number of different ideas about possible types of electricity 
generation projects that will create the basis for the further analysis.   
2.1.2 Project Analysis 
The different project types, which through the project selection qualify for further exploration, 
will then be analysed according to the inner triangle of the figure 2.1 consisting of the physical 
conditions creating the possibilities for physical changes in the electricity system. The three 
parameters, which are supposed to match each other, are the available natural resources, the 
electricity generation and the end-use of electricity. Heat generation is not directly included since 
heat demand is very low in this part of the world. We might however look at combining 
electricity and process heat or cooling production for large industrial enterprises if we find it 
relevant through our studies. The physical conditions have already been briefly explored during 
the project selection, but the analysis will at this point be more thoroughly for each for the 
selected project types. Following this each of the selected project ideas will be analysed with 
regard to the economy taking into consideration the market conditions for each project idea as 
well as considering the possibilities for financing either through interested investors or through 
development programs depending on the stage of development of the project types.  
As the last part of this analytical step we will consider the different project types compared to the 
strategic objectives stated in the introduction and how the project types can contribute to fulfil 
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 the objectives. If the project types are not considered feasible within the present framework we 
choose to recommend various regulatory tools in order to promote the development.  
2.1.3 Overcoming the Barriers 
In the project we draw out two types of barriers, the first type is barriers connected to the present 
political system and are not defined as definite as these can be changed according to changes in 
the political climate. These barriers have already been mentioned as these contribute to create the 
framework conditions for the development. 
The barriers connected to the project types are on the other hand of more inherent character. 
Given the high capital costs as an example, which is one of the barriers we discover through the 
project, the price can only decrease by creating a market and in that way promote the research 
and development of the technologies. In order to provide these market conditions we consider 
regulatory measurements as one of the tools that can create these conditions. In the long 
perspective the introduction of regulatory tools regarding the promotion of specific goals can 
help to overcome the initial barriers and contribute to the creation of an enabling development. 
This step in the analysis contributes to explore how the barriers directly derived from the project 
types for the use of renewables can be overcome. This will be done through a discussion of 
different regulation, which aims at breaking down the barriers we have identified. On basis of the 
discussed regulatory tools we will discuss which measures that will be adequate in dealing with 
these barriers which will lead to our recommendations on how to reach the goal of the additional 
use of renewables in the electricity sector as well how to secure the best development in the 
sector. Since we have identified the barriers for the electricity projects on the provincial level, and 
the problems for renewable energy projects in the electricity sector do not have to be entirely 
identical in all South African provinces, we have to be aware of not putting up hindrances for 
other provinces’ development of renewable energy as a part of the electricity supply, when 
making our recommendations for changes in the regulatory framework. We are aware that our 
methodology may lead us to recommendations in the regulatory framework, which are not the 
absolute optimal solutions for other provinces than the Western Cape. But if our 
recommendations for changes in regulation should become reality, further investigations of the 
needs for regulation in the other provinces than the Western Cape would be advisable in order to 
identify the variations of the suggestions to new regulation, which would contribute the most to 
initiate a development in all the South African provinces. 
2.1.4 Possible Development Paths 
Through the report we have identified which possibilities exist in the Western Cape for 
establishing the suggested project types as well as which changes must be introduced in the 
legislation at the national level to promote the development. Bearing these findings in mind we 
bring back the analysis to the provincial level to consider how the use of renewables in the 
electricity sector can be increased and the consequences of this. The goal set in our introduction 
as a guideline for the use of renewable resources in the electricity production in the year 2012 will 
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through the project contribute to considerations of what are the possibilities for fulfilling the 
goal. In order to discuss the best possible ways to reach the goal we take into account which 
technologies has got the best development possibilities in the long term. As it is not only within 
this project to fulfil the goal set for the year 2012 but also to create development in the long term 
we will not necessarily recommend the project types which is most economical feasible at the 
present but might also recommend technologies that have higher costs if these project types 
poses more development perspectives.  
This analytical step contributes to the evaluation of how the increase of renewable resources in 
the electricity production can be promoted. In the section we consider three different 
development perspectives in order to capture the various effects for each possible outcome of 
the regulation with regards to the economic, social and environmental impacts.  
2.2 Design of the Project Report 
The introduction in chapter 1 presented our research field as well as it gave an overall 
presentation of South Africa as regards to the electricity system and the current political climate 
in the country. In the introduction we also elaborated a goal for the consumption of electricity 
derived from renewables in 2012, which will contribute to answer our problem statement as well 
as we outlined the strategic objectives that our planning must take into account.  
Chapter 2 holds our method in studying the possibilities for electricity generated using renewable 
resources.  
In chapter 3 a concentrated description of the infrastructure and institutional structures of the 
South African electricity sector will be presented. Due to give an understanding of the local and 
national conditions at the present situation in South Africa in general and the Western Cape in 
particular with regards to the generation, transformation, distribution and use of electricity we 
have outlined what we see as the major problems in the electricity sector in the current system. 
The chapter does also introduce to the current governance structure of the electricity generation 
sector and the problems, which may lay here. We will as well introduce to the plans for the 
restructuring of the electricity system in this chapter, as this is important to suggest measures to 
be taken to promote renewable energy in the electricity supply. The purpose of this chapter is, 
apart from introducing to the stakeholders and circumstances in the electricity sector, to identify 
some of the problems to introduction of renewable energy in the electricity generation, which lies 
in the governance and legislative framework, as our project-developing approach in our 
methodology does not capture all these aspects. The chapter is examining issues on a general 
level. 
Chapter 4 is a preliminary investigation of the possibilities for developing different renewable 
resource-based electricity project types in the Western Cape, which is an investigation on the 
provincial level. We will in this section introduce to the types of projects, which is relevant to 
promote in the Western Cape with regards to physical conditions. In this chapter we outline the 
existing conditions concerning the available resources, which technologies fits the resource 
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 potential and the electricity demand. The considerations are perfunctory and contribute to map 
out the possible energy project types that suit the physical conditions at the provincial level for a 
more precise analysing in the following chapters.  
Chapter 5 – 7 contains of an analysis of each project type selected through chapter 4 and 
involves the aspects connected to the local conditions for each type of project. The conditions 
that are taking into account are the location of the resources in the province, the available 
technology, the economical aspects of each project types as well as the stakeholders, which are 
expected to be involved in the project types, and finally a discussion of the development 
perspectives for each of the project types will be introduced.  
Chapter 8 is a joint analysis of the market conditions for the different project types, as these will 
be common to each of the project types. The chapter contains of a discussion of possible 
financing mechanisms as well as a discussion of how the generation from the suggested project 
types fits the electricity demand.  
In chapter 9 we outline the barriers for electricity derived from renewables, which we have 
identified through the work with the different project types, but are barriers to electricity projects 
using renewable resources in general. These findings will contributes to the following chapters of 
how to overcome the barriers. In the first five chapters the analysis operates at a provincial level 
as to clarify the conditions within this specific region and to identify the possibilities for 
promoting the use of renewable resources in the electricity production. The following chapters 
moves the discussion from the provincial level to a national level considering which regulatory 
tools can be used to overcome the barriers identified during the elaboration of the different 
project types. 
In chapter 10 we will introduce to the various regulatory tools, which can be used to promote 
the use of renewables in the generation of electricity taking into consideration experiences from 
other countries, which will be used as input to a discussion leading to our recommendations of 
possible changes in the regulatory framework in South Africa in the following chapter. 
In chapter 11 we start out with determining how the examined project types contribute to reach 
the strategic objectives outlined in the introduction. After that we consider the specific barriers 
conducted from the project types and which regulatory tools could be introduced in order to 
overcome these barriers. This result in some recommendations for which regulatory means there 
should be undertaken in order to increase the use of renewable resources in the electricity 
generation. The regulation proposed is recommended on basis of the demands of the Western 
Cape, but the vast majority of the elements in the suggestions should be helpful in initiating a 
development in every South African province with renewable energy natural resources. 
Chapter 12 holds the discussion of how we expect the development of the use of renewables in 
the electricity sector will take place given the changes in the regulation as well as we consider how 
to fulfil the goal of 600 GWh from renewable resources in the generation of electricity in 2012. 
In this chapter we will turn back the analysis to the provincial level discussing which possibilities 
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the introduction of the regulatory instruments can provide for the development of electricity 
generated from renewable resources in the Western Cape. In the discussion we will draw three 
possible development paths, which could be expected to take place as an outcome of the 
regulation and in order to fulfil the goal set in the introduction. For each development 
perspective we will measure the consequences for each initiative as well as we considers if the 
regulation will have the desired effects for the promotion of renewable resources in the electricity 
generation.  
Chapter 13 is the conclusion on how renewable resources could be used in the electricity 
generation in the Western Cape. 
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 3 The South African Electricity System 
In this chapter the South African electricity system will be introduced and the different players in 
the field of electricity supply will be described as regards to their function as well as their 
interactions with each other. The first part of the chapter concentrates on the physical electricity 
system describing the generation, transmission and distribution systems in South Africa as well as 
the electricity demand pattern, whilst highlighting the conditions in the Western Cape. Secondly 
the legislative and regulatory level of the electricity system will be introduced, which will 
contribute to a general overview of the structure of the electricity sector as well as introduce the 
various interests and responsibilities of the actors. The proposed restructuring of the industry will 
also be discussed in order to indicate the expected developments in the electricity sector. Existing 
barriers in the electricity sector for the introduction of renewables be identified and discussed so 
as to highlight some of the hurdles, which have to be overcome before an enabling environment 
for renewables can be established. 
3.1 The Physical Electricity System 
The figure below (Figure 3.1) shows the flow of electricity in South Africa for the year 2000 from 
generation to end-use, and provides an overview of the importance in terms of share of the 
market for the different actors in the electricity supply industry as well as the end-users. 
Figure 3.1: Electricity flow between actors in the electricity supply industry of South Africa (NER, 
2002a: 6)  
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3.1.1 Generation 
The main actor in the generation system in South Africa is the state owned electricity utility 
Eskom, which generates 95.7% of the total electricity production. Municipalities contribute a 
small share of the electricity produced whilst private producers generate 3.1%. (NER, 2002a: 6)  
As stated in the introduction South Africa’s electricity supply industry has a licensed electricity 
generation capacity of 43,142 MW with the maximum load in 2001 being 36,336 MW including 
exports and losses (NER, 2002a: 11-12). Maximum peak demand in 2002 was 31,621 MW 
(Eskom, 2003). This gives an overcapacity of 11,500 MW if one does not include exports. Only 
39,586 MW of the licensed capacity is currently operational, but the overcapacity is necessary due 
to maintenance and breakdowns of power stations. Three of Eskom’s coal-fired power plants viz. 
Camden (1,520 MW), Grootvlei (1,130 MW) and Komati (906 MW) are currently mothballed, a 
total of 3,556 MW, which Eskom will probably utilise in the near future (Smit, 18/2 2003). A 
total of 570 MW of generation capacity is owned by various municipalities, but most of this is 
mothballed coal-fired generation capacity, which is unlikely to be recommissioned as it is mostly 
outdated and will require extensive retrofitting to make them functional again (FEI, 2002).  
The expected growth in electricity demand combined with the fact that much of Eskom’s 
generation capacity was commissioned during the 1960’s and 70’s and therefore will need to be 
retrofitted or replaced by new power plants within the next 10 years (Martinussen et. al., 2002: 
45-46), makes it likely that the need for new generation capacity will be well above the estimated 
1200 MW per annum from 2007/8 required in order to meet the growing demand. The current 
over-capacity is a result of Eskom’s many years with monopoly status, and due to the age of the 
plants there are no longer any outstanding capital costs, making the cost of electricity produced 
by Eskom very low.  Electricity prices are expected, however, to increase when new capacity has 
to be introduced. (Otto, 3/2 2003. Boeije, 6/2 2003) 
The generation of electricity in South Africa is heavily reliant on coal, as the country has large 
coal deposits. The coal-fired generation plants contribute 93% to the total capacity whereas 
nuclear and hydro account for 5.4% and 0.8%. Gas, bagasse and pumped storage contribute less 
than 1% each to the total electricity generated in South Africa as indicated in Figure 3.2 below 
(NER, 2001: 11-12). The figures do not include the newly established 3.16 MW wind facility at 
Klipheuwel. The wind farm is defined as a research facility but it is, however, connected to the 
national grid and contributes to the supply of electricity.   
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Figure 3.2: Energy sources used in electricity generation in South Africa  
(based on figures from NER, 2001: 11-12) 
 
South Africa’s coal resources are located in the north-eastern part of the country especially in the 
Mpumalanga and Limpopo provinces. The coal-fired power plants are generally situated in close 
proximity to the coalmines due to the high cost of transporting coal. Major transmission lines run 
from this region to all major cities in South Africa. The location of the power plants and the 
transmission lines are shown on the map below.   
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 Map 3.1: The electricity transmission network of South Africa 
(http://www.fe.doe.gov/international/safrover.html) 
 
The electricity generation facilities located in the Western Cape are the Eskom owned Koeberg 
nuclear power plant (1,810 MW), the Acacia gas turbine power plant (7 MW), the Palmiet 
pumped storage facility (426 MW) and the Klipheuwel wind facility (3.16 MW). The municipality 
owns the Athlone coal-fired power station (90 MW) as well as the Steenbras pumped storage 
facility (176 MW) and three 40 MW gas turbines (NER, 2001: 11-12). Though the municipality of 
Cape Town has its own generation capacity, most of the base load requirements are fulfilled 
through the purchase of power from Eskom (Munro, 14/2 2003). The high generation costs of 
the municipality’s gas and coal-fired plants are due to high fuel prices. The municipal power 
plants are, therefore, only used in peak periods. The price of transporting coal to Cape Town 
results in a fuel price four times that of power plants situated in the vicinity of the coalfields12 
(Munro, 14/02 2003). The gas turbines are only used as load control when irregularities in 
                                                 
12 Approximately R200/tonne coal in Cape Town compared to R50/tonne in Mpumalanga. 
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 Eskom’s supply occur. This does not happen more than once in a year on average (Munro, 14/2 
2003).  
3.1.2 Transmission 
Eskom owns and operates the national high voltage transmission system in South Africa. Due to 
the concentration of the power generation system in the north east of the country the 
transmission network in the country is very comprehensive in order to supply electricity to the 
southern and western regions of South Africa. The transmission system consists of 26,912 km of 
transmission line with an operating voltage above 132 kV (NER, 2002a: 15). As shown in Map 
3.1 on the previous page the transmission system also consists of 6 high voltage transmission 
lines supplying South Africa’s neighbouring countries with electricity.   
As seen in Map 3.1 only two transmission lines connect the Western Cape to the main generation 
plants in and around Mpumalanga. Some concerns have been expressed due to the expected 
increase in electricity demand, which will cause problems with regards to the existing 
transmission grid. This has led to a discussion on whether the transmission grid should be 
expanded or whether new capacity should be built in Western Cape (Smit, 18/2 2003). The Cape 
Town Metropolitan Council has plans to convert the Athlone power station into a gas-fired 
CCBT power plant. The plant has a licensed capacity of 180 MW but is currently running at half 
capacity due to ageing equipment. A plan to privatise the plant and transfer the running of the 
facility to private investors is currently being discussed by the Cape Town Metropolitan Council. 
In conjunction with the planned gas-fired power plant gas will be piped from Namibian gas fields 
along the west coast. There is, however, doubt as to how extensive the gas fields in Namibia are 
and whether they can be commercially exploited. According to Munro the conversion of the 
plant will not be competitive with Eskom’s production prices and the plant, if constructed, is 
only expected to be used in peak periods (Munro, 14/2 2003). Eskom has also considered similar 
plans involving a gas-fired power plant in Oranjemund on the Namibian/South African border, 
and importing the produced electricity to South Africa (Smit, 18/2 2003). Again the uncertainty 
surrounding the gas reserves in Namibia has put the plan on the backburner. 
Eskom is also considering the construction of a new transmission line from the coal region to 
Cape Town in order to meet future electricity demands. The cost of building new transmission 
capacity is roughly R1 million per km for a high voltage line depending on the quality of the line 
and the terrain (Smit, 18/2 2003). This means that a new transmission line to Cape Town will 
cost more than R1 billion to construct. It may be advantageous to build new capacity near the 
source of demand due to the cost of building transmission lines and to lower transmission losses 
that occur in the grid over long distances. According to NER the total losses from power plant to 
consumer are expected to be in excess of 20% when transmitting electricity from Mpumalanga to 
Cape Town, but most of the losses occur in the low voltage distribution grid (Smit, 18/2 2003). 
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The overall losses13 in the South African electricity system for 2000 are 2.9% in the transmission 
system and 23.2% in the distribution system. According to Jørgen Knudsen, engineer at NVE’s14 
planning department, the losses in the South African transmission network are about average, or 
maybe even a little on the low side as a loss of 3.5% is the general rule for losses in a transmission 
grid. The losses in the distribution network are on the other hand high, as a loss of 3.5% is the 
average in a modern well maintained distribution network. His experience is that the quality of 
transmission networks is about the same all over the world whilst the quality of distribution 
networks varies tremendously. Long thin power lines as well as old, poorly maintained 
transformers are the main cause of losses in the distribution network (Jørgen Knudsen, 7/5 03). 
Furthermore the theft of electricity from the distribution network is a well-known problem in 
South Africa although no precise figures exist for the amount of electricity that is lost from the 
network due to this. 
3.1.3 Distribution 
Eskom and the municipalities control the distribution of electricity in South Africa. Eskom 
supplies large industrial consumers who purchase power directly from the transmission net 
whereas the municipalities account for 95% of the distribution to commercial customers (NER, 
2002a: 20). Eskom distributed 55.1% of the electricity consumed in 2000 (NER 2001: 6), whilst 
municipalities distributed the remainder. In 2001 there were 214 electricity distributors in South 
Africa (NER, 2002a: 22). The main share of electricity sold by the municipalities is purchased 
from Eskom, but five large public distribution authorities, including the City of Cape Town, have 
their own generation capacity. In the Western Cape the municipality owned distribution 
companies supply about 60% of households (CMC, 2003).  
3.1.4 Electricity Demand 
There is a significant variation in demand for electricity on both a daily and an annual basis. 
Figure 3.3 below shows the demand on installed capacity in the national grid on a typical winter 
and summer day, both during the week and during the weekend. The daily variation consists of a 
morning peak lasting a few hours starting at about 7 a.m. (a little later in the weekend) and an 
evening peak starting around 6 p.m. (again a little later in the weekend) and lasting for about 2 
hours. Electricity consumption is highest in the winter months, from June till August, and 
generally higher and with greater variation on weekdays than during the weekend. 
                                                 
13 Gross generation 198 TWh, imports 9.3 TWh, exports 7.5 TWh, purchased by distribution 194 TWh, consumed 
by end users 149 TWh (NER, 2001: 6). 
14 NVE is a Danish distribution company on Zealand. 
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Figure 3.3: Electricity demand in South Africa (Boeije, NER) 
The variation in demand is significant with consumption on a typical weekend day in summer 
between 3 a.m. and 4 a.m. being about 64% of the demand on a typical weekend day in winter 
between 6 p.m. and 7 p.m. It is important to note that this is only the variation between “typical” 
days and that the real variation between the peak day of the year and the day with the lowest 
consumption is much larger. In 2002 the peak record was on the 18th July, where the demand was 
31,621 MW at the evening peak (Eskom, 2003) The electricity demand in the Western Cape 
follows the same pattern as the national demand. 
3.2 Governance Structure of the Electricity System 
When studying the electricity sector of South Africa it is of great importance to look at the legal 
and regulatory set-up of the electricity sector. Figure 3.4 below outlines how the electricity sector 
is governed. 
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Figure 3.4: Governance structure in the South African electricity sector (Adapted from DANCED, 
2001:51) 
 
The Minister of Minerals and Energy heads the DME and is responsible for legislation pertaining 
to energy and suggests political initiatives regarding energy policy. As stated in the introduction 
the DME prepared a white paper on the promotion of renewable energy. This initiative expresses 
some interest in the field of renewables but the political and social situation in the country means 
that other issues are understandably given a higher priority than renewable energy, such as the 
electrification programme. There is, however, a lack of legislation pertaining to energy issues in 
general and this has to be addressed to create a clearer and more stable political situation for the 
introduction of both renewables and the liberalisation of the electricity sector. (DANCED, 2001: 
52) 
The Minister of Minerals and Energy appoints the NER Board, which governs the NER. The 
members of the board are appointed for a maximum period of four years and cannot within their 
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 appointment period be removed from the board by the minister in order to ensure the NER’s 
independence from government. The NER develops the regulatory framework for the electricity 
sector and is responsible for the physical planning of the electricity sector as well as implementing 
the legislation prepared by the DME. (DANCED, 2001: 53) The NER monitors the demand and 
supply side of electricity with the aim of securing a low electricity price. It has been suggested 
that the NER should be in charge of all aspects of energy regulation thus it will be changing its 
name from the National Electricity Regulator into the National Energy Regulator.  
It could be problematic that Eskom falls under the control of the Minister of Public Enterprises 
and has no direct affiliation to the DME. The Electricity Council, which is appointed by the 
Minister of Public Enterprises, governs Eskom, and determines policy and objectives as well as 
controls Eskom’s performance. Eskom is, however, still obliged to act within the framework set 
by the NER concerning the electricity supply industry. Eskom has been conducting studies of 
renewable energy with regards to wave, wind and solar power, and it seems possible that Eskom 
may become more involved in this field but currently the lack of clear legislation addressing 
issues connected to the electricity sector in general and electricity generation based on renewables 
in particular is a hindrance for Eskom’s further involvement in projects related to this (Smit, 
18/2 2003). 
The municipalities have very little influence on the overall governance and regulation of the 
electricity sector and contribute only in a small way to the development of the electricity system 
on a local level. However, by acting in the field of distribution the municipality of Cape Town 
can act as a promoter of certain development directions and has already shown some interest in 
the field of renewable energy by signing a power purchase agreement with the Darling wind farm. 
The Cape Town Metropolitan Council has also stated its interest in promoting Cape Town as a 
green city, but it is still not clear to which degree the NER and the DME will allow this kind of 
self governance by municipalities. 
3.3 Restructuring of the Electricity Sector 
A restructuring of the electricity sector has been discussed in connection to the plans to liberalise 
the electricity sector. The current plans are to separate the ownership of the generation, 
transmission and distribution systems so as to create independent units. The unbundling of the 
electricity sector is intended to encourage the entry of IPPs into the market and promote black 
economic empowerment. The Ministry of Public Enterprises is the driving force behind the 
proposed liberalisation and especially the promotion of black economic empowerment in the 
electricity sector, more so than the DME (Eberhard, 25/3 2003). Though the plans for 
restructuring the sector have been established some of the people involved in the process have 
expressed doubts that the process will take place in the near future according to Prof. O. 
Davidson, EDRC. If the restructuring process continues as planned then Eskom will be split up 
and privatised. It is expected that 30% of generation capacity built will be earmarked for IPPs 
and 10% of the generation sector will be set aside for empowerment purposes by 2004 (Clark, 
2001: 7). The most likely scenario for the generation sector at present is that the power stations 
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owned by Eskom will be grouped in competing clusters so as to open the market for other 
interested parties and introduce competition in the generation sector. The transmission system, 
which is currently owned by Eskom, will become an independent unit owned by the state. 
The electricity distribution system in South Africa is in urgent need of reform. Many of the 
municipalities, which act as electricity distributors, are heavily indebted due to customers not 
paying for services provided under apartheid, a trend that still continues, and can no longer 
provide the services expected of them, nor pay for the electricity supplied to them (Clark, 2001: 
2). This is of great concern as the whole electricity sector depends on the ability of the 
distributors to collect revenue from customers and meet their financial commitments to the 
generators of electricity. Failure of distributors to pay debts to Eskom, or other electricity 
generators, will ultimately threaten the viability of the entire electricity sector (Clark, 2001: 2). In 
the Western Cape alone debt owed to municipalities in September 2002 totalled R 2.5 billion15 
(SAPA, 2003: 1).  
The government intends to reform the industry by introducing six regional distributors, which 
will be divided up according to existing municipal and provincial boundaries wherever possible, 
yet they must contain a significant urban centre of economic activity so as to ensure viability 
(PWC 1, 2000: 5). This has lead to the proposal that a regional electricity distributor (RED) be 
established with Cape Town as the economic centre and consisting of the entire Western Cape 
province as well as parts of the Northern Cape province around Upington. This RED will 
include 857,000 customers with the percentage of electrified households being 81% (MDB, 2002: 
5). 
The government’s wish that the electricity industry (generation, transmission and distribution) 
must move towards cost-reflective tariffs will most likely lead to price increases for most 
customers (Clark, 2001: 6). In order to collect outstanding debts owed to the current distributors 
it is envisaged that price increases of around 50% for metered domestic consumers in most 
REDs are required, however as seen in table 2 tariffs in the CMC distribution area will fall under 
the proposed RED. 
Table 3.1: Tariff Comparison between proposed RED and CMC (Adapted from PWC 5, 2000: 2) 
 Domestic Commercial Industrial 
Municipality of Cape Town 26.9 32.3 22.5 
Proposed RED 26 20 16 
3.4 Future Perspectives in the South African Electricity Sector  
The electricity sector in South Africa is nearly entirely dominated by the state utility Eskom. The 
government’s plans to liberalise the sector is intended to break this dominance and encourage 
                                                 
15 Unfortunately it has not been possible to get accurate information on how this debt is divided between individual 
municipalities in the Western Cape. 
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 private investors, especially black empowerment groups, to enter the generation sector. The need 
for reform in the distribution system is essential in order to maintain a stable, economically 
feasible electricity sector in South Africa and will lay the groundwork for private investors to 
enter the generation sector by providing a more stable economic base for the electricity system.  
The need for new capacity in the coming years will probably lead to price increases for electricity, 
which could encourage private investors to establish IPPs in order to compete in a liberalised 
market. The need for new capacity also provides the opportunity for the government to insist on 
more environmentally benign electricity production as well as open the door for alternative forms 
of electricity production, such as the use of renewables.  
Cabinet heads the governance of the electricity sector. The Minister for Minerals and Energy and 
the Minister of Public Enterprises are responsible for legislation regarding energy and Eskom 
respectively. Despite this Eskom has an influential role in both the formulation of energy policy 
and the regulatory process, which are otherwise the responsibility of the DME and the NER. 
(Otto, 3/2 2003) It is unclear what influence Eskom has over the Department of Public 
Enterprises. This department is the driving force behind liberalisation, though it appears that 
Eskom is a proponent of a free market for electricity, which is understandable due to its 
dominant position, yet it is still to be seen to what extent Eskom will be divided up under the 
liberalisation process. The lack of a concrete timeframe and legislation on the future of the 
electricity sector is problematic for the development of a liberalised system, as stability is essential 
to encourage investment. 
3.5 Probable Problems for the Implementation of 
Renewables 
Having considered the governance structure of the electricity sector we have identified the 
following problems, which could act as stumbling blocks for the creation of an enabling 
environment for the introduction of electricity production using renewable resources. These 
potential problems are not specific for the Western Cape but are derived from a general 
perspective on the South African electricity sector, which the Western Cape is subordinated to.    
3.5.1 Political Priorities 
Renewable energy has become a political issue in developed countries due to popular concern for 
the environment and the contribution that the burning of fossil fuels makes towards global 
climate change. This has lead to many developed countries, especially in Europe, having 
renewable energy as an integral part of their national policy. In South Africa the political agenda 
is somewhat different to those in developed countries. Reducing the very high unemployment 
rate and the need to improve the living standards of the black population is the government’s 
absolute priority.  
The overriding political priorities in South Africa at present are, as mentioned earlier; 
empowerment of the black majority previously discriminated against under the apartheid regime 
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and development driven by economic growth (Otto, 3/2-2003). The government considers a 
reliable supply of cheap electricity to be a cornerstone in their efforts to achieve these goals. The 
massive electrification programme, which has resulted in 3.75 million new connections within the 
last ten years, is currently a priority within the electricity sector for the government. The first leg 
of the programme, which was completed in 2000, cost 7 billion Rand. Initially Eskom funded the 
programme, but now the government is financing it. 34% of South African households still 
remain without electricity and it is the express aim of the government to achieve 100% 
electrification by 2012. Renewables can of course play a role in the electrification programme as 
they already have done, but this has been on a small, local scale in hybrid systems. With this being 
the first priority of the government for the electricity sector it could be difficult to try and create 
awareness of the possibilities for grid connected renewable energy.  
3.5.2 State Investments and Hidden Subsidies 
Another problem in creating an enabling environment for renewable energy in the electricity 
sector is the state expenditure and investment in the energy sector, where much of it is only seen 
in changes of balance sheets, rather than explicit investments (Spalding-Fecher, 2002a: 28). An 
example of this would be the Central Energy Fund increasing its provision for non-repayment of 
loans by Soekor16 by 110 million Rand in 1994/1995 (Spalding-Fecher, 2002a: 28). This is 
essentially a state subsidy, but is not reported as such. Another example of this is Eskom’s 
massive construction of electricity generating capacity during the 1960’es and 70’es, which was 
paid for by the state and passed on too the consumer. This form of hidden subsidising creates 
the impression that some of the parastatal companies involved in energy are financially viable, 
whilst in reality they absorb state subsidies. This is a barrier for creating an enabling environment 
for renewables, as it creates the false impression that renewables are not financially viable, whilst 
certain non-renewable forms of energy, which receive substantial state subsidies and investments 
appear to be financially viable due to the hiding of subsidies in the accounting process. Another 
example of implicit subsidies from government is the forward cover on exchange rates through 
the South African Reserve Bank provided for Eskom (Spalding-Fecher, 2002a: 28). 
3.5.3 Lack of Legislation 
The lack of legislation regarding renewable electricity generation is a major barrier for the 
utilisation of and the investment in renewable electricity. The government’s initial drafts for a 
white paper have been heavily criticised for not considering how the proposed target would be 
achieved and the regulatory mechanisms that would be implemented to encourage investments in 
renewables. As mentioned earlier no final white paper on renewables has been presented to 
cabinet for approval and no timetable exists for the drafting of legislation regarding renewable 
                                                 
16 State owned oil and gas exploration company. Now merged with the state owned gas-to-liquid fuels producer 
Mossgas to form PetroSA.   
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 electricity, which is problematic as it can lead to the government paying renewable energy lip 
service, whilst dragging its feet on the issue of implementation. 
It is important for the government to instigate legislation on the introduction of renewables into 
the electricity market as well as introduce legislation on the restructuring of the electricity sector 
so as to define the framework within which investments can occur so as to create a stable market 
atmosphere and an enabling environment for renewables. Initiatives for the creation of new 
legislation require sufficient capacity within the institution preparing the legislation. Question 
marks have been raised as to the ability of DME to prepare such legislation due to a lack of 
capacity in the department.  
3.5.4 Governance Structure 
Even though Eskom is the state owned electricity utility it does not report to the Department of 
Minerals and Energy, but to the Department of Public Enterprises. This political structure could 
be problematic. This can lead to a conflict of interests for the utility as the Department of Public 
Enterprises is the sole shareholder of Eskom and wants the state utility to return the best 
possible profits as a precursor to privatisation, whilst the Department of Minerals and Energy has 
a different agenda being the provision of electricity services and, to a lesser extent, renewable 
energy. To make matters worse DME and NER have to rely on Eskom’s planning since they do 
not have the capacity to undertake this task themselves. 
3.6 Summary  
In this chapter we have outlined the context, which our planning must take into consideration. 
The description of the physical electricity system has shown that, at present, there is a generation 
overcapacity, but that new capacity probably will have to be introduced from around 2007/8, 
resulting in increased prices for electricity. The capacity problems for the Western Cape will be 
even more conspicuous in the future, if no new capacity is commissioned in the province, as 
supply problems occur occasionally, due to lack of transmission capacity from the coal fired 
power plants in the North. This may in the long term increase the opportunities for introducing 
renewable energy in the electricity generation sector.  
In the section’s discussions of the legislative and governing structures of the electricity sector we 
have identified some potential stumbling blocks for the implementation of electricity generation 
based on renewables. A problem, which could be a significant hindrance for the introduction of 
renewable energy in the electricity sector, is the previous heavy investment in fossil fuel capacity, 
which gives very low electricity prices from equipment that is written off financially, as well as the 
tradition for an energy subsidy structure aiming at supply security, as this was an issue during the 
days of apartheid. Another constraint is that renewable energy is very low on the political agenda 
and there is at present no legislation addressing the use of renewables for electricity generation. 
The governance structure was identified as another potential problem. A problem with the 
structure could be that Eskom is referring to Department of Public Enterprises, as they may have 
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another agenda than the Department of Minerals and Energy, which can contribute to conflicts 
of interests.  
These identified structural problems must be taken into consideration when planning further 
development. It is, however, important to recognise that the problems are not necessarily 
overwhelming, as addressing the decision makers through mapping out the possibilities and the 
advantages of renewable energy in the electricity supply, may increase interest in the subject, 
thereby increasing the chance of willingness to overcome some of the co-operational problems in 
the governance of the electricity sector.  
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 4 Project Selection 
The aim of this chapter is to identify which electricity generation project types should be 
examined in more detail. The criteria used to determine the suitability of a project are the 
availability of the required resource, the existence of technology to utilise the available resource 
and the ability of a technology type to meet the electricity demand in the Western Cape. This 
chapter also contributes to a discussion of whether the production of electricity from renewables 
fit the production patterns within the Western Cape. The inclusion of proven technology as a 
criterion in the project selection will generally exclude the most inefficient project types designed 
to produce electricity from renewable resources. 
Pilot, Demonstration and Commercialised Projects 
The South African government has expressed its reluctance to approve pilot and demonstration 
projects producing electricity from renewable resources (Otto, 4/2 2003). This attitude could be 
problematic for the introduction of projects producing electricity from renewable resources, as 
there is so little experience with renewables in the Western Cape, and in South Africa as a whole, 
at present. In order to create an enabling environment for renewables in the Western Cape it is 
essential that previous experiences with the establishment of projects producing electricity from 
renewable resources be freely available to all investors, so as to avoid the teething problems that 
inevitably arise when introducing new technologies to a country. Even though the experiences of 
other countries can be used to a great extent, the importance of local conditions for renewable 
energy projects cannot be underestimated. It is, however, important to consider the stage of 
development technologies have reached elsewhere before projects are established in the Western 
Cape.  
Having considered the problems existing within the physical and institutional structures of the 
electricity sector for the introduction of renewables in the previous chapter it is important to 
determine how these hurdles can be overcome. The use of pilot and demonstration electricity 
generation projects using renewables can be used to indicate the possibilities and advantages of 
developing an enabling environment for electricity production using renewable resources as well 
as identify barriers both existing in electricity regulation and in the framework in which the 
electricity sector exists. Pilot and demonstration projects are used not only to indicate the 
functionality of a technology, but also to indicate to decision makers that the use of the 
technology is viable within the social and economic framework existing in the country, province 
or municipality where the project takes place.  
In order to structure the discussion of the various technologies’ development perspective the 
development process of a given technology will be seen as a three-phase evolution, viz. pilot, 
demonstration and commercialised. There is a fluid transition from the one phase to the next, 
which can be difficult to determine at times, but we find it none the less worthwhile to make use 
of these categories to determine the stage of development a technology has reached. 
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The importance of pilot and demonstration projects in establishing an enabling environment for 
renewable energy projects cannot be ignored. Even though the government wishes to move 
directly to commercial production of electricity from renewable resources using technologies 
proven abroad such as wind turbines and certain solar systems, there is a risk that unforeseen 
hitches may alienate decision-makers and users in the future, leading to a negative conception of 
renewables. In order to assist in the project selection process the difference between pilot and 
demonstration project should be highlighted. The major difference is the intended goal of a 
project. The aim of a pilot project is to provide the opportunity to develop a technology’s 
performance under local conditions, as well as provide a reduction of risks for future projects. 
Pilot projects are used mostly in a technology development role. A demonstration project 
functions as an example of how a technology can be utilised on a commercial basis. Generally 
demonstration projects will be on a commercial scale and are used to demonstrate to decision-
makers the viability of a technology. Demonstration projects are also used to determine costs and 
benefits of a technology as well as iron out any problems not foreseen during pilot projects 
(University of British Columbia, 1997: 1). A project, which has reached the commercialised stage, 
will be able to operate under market conditions although in the case of renewables it might 
require some sort of state financed direct or indirect subsidies or a protective regulatory 
framework.   
The project selection process will consider which stage a technology has reached in its 
development and whether there is development potential for the technology in the Western 
Cape. The further development of existing technologies in South Africa is an attractive option as 
this could lead to the establishment of an industry producing technology for the export market; 
much in the same way the wind turbine industry has been built up in Denmark. This does, 
however, require support from the state, not only moral support, but a definite programme 
involving research and the creation of an enabling environment for the technology to be tested 
in. South Africa has already initiated such a process for the development of the pebble bed 
nuclear modular reactor17. The experience gained from this nuclear energy project could be used 
to start a process for developing renewable energy technologies. 
The project selection process will highlight which technologies should be earmarked for research 
and development, even though this should not be seen as excluding other renewable 
technologies. Existing technologies that have a limited development potential, yet are well 
established internationally, thereby not requiring a pilot project to display their effectiveness, 
should still be considered so as to utilise the existing resources. The process of project selection 
will consider these options and weigh up the advantages and disadvantages of the various 
                                                 
17 The pebble bed modular reactor is an Eskom project backed by the government to develop cheap, small-scale 
nuclear power plants. The technology originated in Germany, but after the Chernobyl disaster interest waned. 
Eskom bought the rights to this technology in 1996 and has developed it further. Eskom sees the project as a 
strategic national demonstration project with the potential to bring major macroeconomic, social and strategic 
benefits for South Africa as a whole (Business Day, 19/3 2003). 
 38 
 opportunities available for the Western Cape in introducing electricity produced from renewable 
resources into the existing electricity system.  
4.1 Including Electricity from Renewable Resources in the 
Electricity System 
In the Western Cape 94% of formal and informal households are electrified; where as only 90% 
of the households in Cape Town are electrified. (CCT, 2001: 20) This is unusual in the South 
African context as most non-electrified households in the other provinces are situated in rural 
areas,18 thus off-grid renewable energy solutions are not as relevant in the Western Cape as in 
other parts of South Africa. (Borchers, 13/2 2003) This excludes hybrid photovoltaic systems, as 
well as other off-grid solutions from our investigation, as these technologies are only competitive 
when the cost of connecting households to the grid exceeds that of providing stand-alone 
systems. Due to the high level of electrification in the Western Cape and a large number of the 
non-electrified households being situated in proximity of the grid in informal settlements in the 
greater Cape Town area, grid connected projects are more relevant than stand-alone systems in 
meeting the electricity demand in the Western Cape. For this reason only grid connected project 
types will be considered in this report. 
According to chapter 3 the current electricity system in the Western Cape requires additional 
capacity in the transmission grid in order to meet the increased electricity demand as well as 
additional generating capacity to stabilise the system in the future. It is important to stress that 
renewables cannot fulfil the role of stabilising the electricity system in the Western Cape, a role 
which Koeberg currently performs, as the level of production, being only 2.4% of the Western 
Capes consumption, will be too low to do so and the intermittent nature of electricity production 
from renewable resources will make the system unstable in periods of low production. 
Renewables will not be able to act as spare capacity for covering peaks either due to the small 
amount of installed capacity required to achieve the set target of 2.4% of consumption and the 
intermittent nature of many renewable resources that may not make the production of electricity 
possible during peak periods. The generating capacity for renewable energy will, in the initial 
phase, has to be additional to the installed capacity used to ensure supply in peak periods, thus 
being fuel-substitution and not capacity substitution. 
The different technologies’ ability to cover variations in electricity demand will not be discussed 
further in this section due to the limitations of renewable resources to ensure a secure and 
constant electricity supply. Therefore the discussion of each project’s ability to meet demand at 
the most favourable time is more a factor influencing the economy of the different projects and 
will be discussed later in this report. 
                                                 
18 It is claimed that a significant part of the non-electrified households generally appear to be illegally established, 
which is why electrification is not really the problem, but rather the location of the settlements in general. 
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4.2 Available Resources 
As the introduction of renewables into the electricity generating sector will not influence the 
supply of electricity in Western Cape to any great extent, the available resources and proven 
technology are the major determinants in the selection of possible projects in the pre-feasibility 
study. The following section contains a review of the renewable resources available in the 
Western Cape Province based on average elaborated measurements.  
4.2.1 Solar Radiation 
Estimations of the potential for solar energy production require information on surface solar 
radiation.  In general the daily solar radiation in South Africa is between 16 and 23 MJ/m2.19 
Large parts of South Africa have some of the highest solar radiation in the world making the 
potential for solar power worthwhile exploring. As shown in appendix A1 the radiation in the 
Western Cape Province varies from 6,501-7,000 MJ/m2 per annum20 (17.8-19 MJ/m2 per day) in 
the southern part and to 8,001-8,500 MJ/m2 per annum21 (22-23 MJ/m2 per day) along the 
boundary with the Northern Cape Province. These figures clearly provide grounds for further 
investigation into the possibilities for initiating solar power projects within the Western Cape.  
4.2.2 Wind Potential 
The wind potential in the Western Cape has not been studied in detail, and a wind map has yet to 
be verified. It is, however, possible to consider some tendencies derived from various weather 
stations and modelled by the WAsP model developed at RISØ (see appendix A2). The 
estimations for the Western Cape are a mean velocity between 1 to 6 m/s. There is a marked 
variation in wind velocity in different regions of the province, but the average along the coast is 
measured to be above 4 m/s. (Karottki et al., 2001) This is not an exceptional wind potential, but 
wind turbines should, in general, be feasible in areas within proximity of the coast as the lower 
limit for wind speed for most wind turbines is about 4 m/s (Vestas, 2003). Furthermore a wind 
potential study measured at tree sites in the Western Cape by Prof. R. D. Diab of the University 
of Natal showed a mean annual wind speed of between 6.5 to 7.0 m/s at a height of 50 m (CMC, 
2002).  
The long coastline in the Western Cape would indicate that there exists potential for producing 
electricity from wind energy in the Western Cape and that projects involving the production of 
electricity using wind turbines should be considered for this report.  
                                                 
19 In comparison Europe has a solar radiation about 9 MJ/m2 per day. 
20 Equal to between 1805 and 1944 kWh/m2/year. 
21 Equal to between 2223 and 2361 kWh/m2/year. 
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 4.2.3 Wave Power 
Measurements generally show good potential for wave power in the areas around Cape Point and 
Cape Agulhas (see appendix A3). The energy content in the waves has been estimated at about 
40-50 kW/m crest width in these areas (Oceanor, 2003). Relatively speaking this makes the south 
coast of South Africa a very good area for wave power, though the energy potential is not as high 
as on the west coast of Scotland, England and Ireland, where the potential in some places is 
above 70 kW/m. (Oceanor, 2003) The exploitation of this resource is thus not a question of the 
energy potential in the Western Cape but about the availability of appropriate technology, which 
will be discussed later in this chapter. 
4.2.4 Biomass 
Biomass potential is generally located in the coastal areas of the province and amounts to 
between 1 and 50 GJ/ha/yr (see appendix A4). The potential is based on wood, agricultural, and 
grass residues and the estimations do not take any present utilisation of the products into 
account. The potential in the area around the Western Cape is limited compared to the eastern 
and northern parts of the country. Much of the biomass in the province is not available for 
energy purposes, as it is widely used as fodder for sheep or as fertilizer. Local surpluses of 
biomass from fruit farms or vineyards might still create opportunities for minor biomass projects, 
but we have not been successful in identifying biomass resources substantial enough to support 
such projects, despite having contacted several vineyards, fruit farms and co-operatives. 
According to Anthony Williams from the Energy Research Institute at the University of Cape 
Town, the potential for producing electricity using biomass in the Western Cape is practically 
non-existent. It is important to recognise that a major constraints for the wider use of biomass 
for energy purposes, if a potential should be identified, is the lack of awareness that biomass can 
be used to produce electricity. Unfortunately for our survey of biomass potential for electricity 
production this perception might well have contributed to the respondents underestimate the 
true potential in the region.  
4.2.5 Hydropower 
In general the potential for hydropower production in South Africa is low. The average annual 
rainfall in the country is 500 mm, which compared to a global mean annual rainfall of 860 mm, is 
at the lower end (DME, 2002: 10). As is the case for biomass, hydropower potential is primary 
located in the northern and eastern regions.  
Large-scale hydropower is not an option in the Western Cape. Depending on the technology 
used, the Western Cape Province might, however, have a few suitable areas for the 
implementation of small-scale, stand-alone hydropower projects. The sites that may have 
potential for small-scale projects are located around Cape Town and along the Cedarberg and 
Outeniqua mountain ranges (see appendix A5). There are a few possible hydro projects in the 
Western Cape but these are considered as small scale projects in rural communities (CSIR, 2002). 
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These projects are not suitable for grid connected solutions which is why we will not consider 
hydropower further in this report. 
4.2.6 Waste 
The present waste management situation in the Western Cape relies to some extent on recycling 
by industry, which accounts for 24% of the total waste production, whilst the remainder is 
deposited in landfills, and a small amount of medical and hazardous waste is incinerated without 
energy recovery (CMC, 2003). It is estimated that approximately 1.6 million tonnes of waste is 
dumped each year at landfill sites in the Western Cape, but it is the prevalent opinion that a 
significant amount of waste is never disposed of at an official landfill, and due to lack of data it is 
very difficult to get more precise figures. (DEAT, 2002: 14)  Most of the waste in the Western 
Cape is disposed of at 6 large landfill sites in the Cape Town area at which almost 1.4 million 
tonnes of waste is dumped per year. That means around 80% of the waste is disposed of in the 
vicinity of Cape Town while the remaining 200,000 tonnes are disposed of at a number of smaller 
landfills throughout the province (DEAT, 2002: 30-31). With an additional 1.6 million tonnes of 
waste on top of the huge amounts, which have already been disposed of at landfills through the 
years, waste is a resource in the Western Cape that needs to be considered further for its potential 
for use in electricity generation. 
4.2.7 Summary of Available Resources 
Looking at the overall potential of renewable resources for electricity generation in the Western 
Cape, it is clear that there is potential for wind, solar and wave power, whilst hydro and biomass 
power are not possible due to the lack of available resources. The possibilities for use of waste 
for energy generation purposes should also be investigated further.  
4.3 Proven Technology 
We have identified the potential resources for renewable energy in the Western Cape and will 
now consider whether the technology for exploiting the accessible resources is available. In order 
to create the best possibilities for developing the use of renewables in the electricity sector in the 
Western Cape it is important that the technologies used are proven. The criterion used in order 
to define if a technology is proven is a question of reliability. Before we can consider a 
technology as proven it must be beyond the first experimental stage, which in our perception 
requires that the output from a given technology is measured and is reliable as well as an 
established industry producing and assembling the components in order to produce electricity is 
required. The required establishment of an industry producing the technologies is a question of 
the economic expenses connected to the projects. This on the other hand does not mean that the 
technology cannot be developed in order to increase the technical performance or to enlarge the 
capacity of a given technology. Where there is potential for South Africa to develop an existing 
technology in order to adapt it to local conditions, expand its capacity or improve its 
effectiveness this will also be taken into consideration. 
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 4.3.1 Wave Power 
Though electricity generation from wave power probably has future potential, the technology in 
its present state is not recommendable for implementation in a country dealing with its first 
systematic plan for the increased use of renewable resources in bulk electricity supply. The 
technology is only available on an experimental basis and is not commercialised. Thus we have 
chosen not to make further investigations of the possibilities of using wave power in the Western 
Cape within this projects timeframe. 
4.3.2 Wind Power 
Wind turbine technology is proven and turbines can easily be bought and delivered on short 
notice, mainly from producers in Europe. This, as well as the existence of Eskom’s windmill park 
at Klipheuwel and the coming windmill park at Darling will probably exclude the need for pilot 
projects using windmills in the Western Cape. Klipheuwel has aspects of being both a pilot and a 
demonstration project as Eskom’s aim is to determine how the windmills function under local 
conditions and whether there is potential for the commercial exploitation of wind power (Smit, 
18/2 2003). This is due to the advanced status of the technology, but that it has never been used 
in South Africa before. 
4.3.3 Solar Power 
Solar power technologies are not as homogenous as wind power technologies, and the 
technological options vary from South African produced photo voltaics to solar thermal power 
plants, which are produced and used mainly in California. Photo voltaics are certainly a proven – 
though expensive – technology, but it is our opinion that the generation characteristics of the 
technology make it unsuitable for the purposes of this report as it is, we believe, a technology 
best suited for stand-alone systems22. Within the solar thermal technologies there are several 
options available. A commercialised industry exists, which warrants further investigation of solar 
thermal power in the Western Cape. The various technological options will be discussed in 
chapter 7 concerning solar power. 
4.3.4 Energy from Waste 
The last resource to be investigated is waste. Waste incineration with energy recovery and the use 
of landfill gas for energy purposes are the two main ways to generate electricity from waste. 
Waste incineration combined with electricity generation and heat production is a fully proven 
technology with a widespread use in Europe. In South Africa however only a few incineration 
plants exist for the treatment of medical waste, and these have not been combined with electricity 
generation to date.  
                                                 
22 The World Bank does, however, provide funding for grid connected photo voltaics, but it is our opinion that other 
solar thermal technologies are better suited to large-scale production of electricity.  
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The landfill gas technology is also fully proven, both regarding the collection of the gas and the 
gas to electricity conversion, which are fairly simple and well-known technologies. This, however, 
does not mean that landfill gas projects do not experience technological difficulties due to 
variations in the composition of the waste, the weather and other factors with connection to the 
specific landfill site. This will be discussed in more detail in the next chapter. 
There is at present a growing movement towards landfill gas projects in South Africa, as 
illustrated by the landfill gas project in Durban and the proposed project in Bellville. This is due 
to the presence of extensive landfills in the country, as well as the substantial carbon credits 
involved in landfill gas projects under the proposed CDM system. 
Despite the advantages of waste incineration and the production of energy from this process, 
there does not appear to be any plan for the introduction of such a system in the Western Cape 
at present. This is mostly due to the tradition of depositing waste on landfills, the lack of space 
constraints in South Africa and the high costs involved in establishing an incineration system. 
Incineration would involve the establishment of an effective system of sorting waste to remove 
potentially hazardous elements such as batteries, PVC and sources of heavy metals. Not only 
would a sorting system be required but also a programme of fasing PVC out in favour of PE, 
separation of waste at source and awareness programmes amongst the public and industry would 
have to be considered. According to Torben Kristiansen of Rambøll23, many NGO’s will fight 
the introduction of waste incineration in South Africa as it has a bad reputation. This, as well as 
the costs involved, both for industry and for private citizens, makes the issue politically a hot 
potato that will not be taken up by the government of South Africa. Torben Kristiansen does not 
believe there is any short to medium term possibility of introducing the necessary waste system to 
allow for the introduction of waste incineration in South Africa, especially not for energy 
purposes. The long-term nature of the introduction of waste incineration excludes it from the 
timeframe of this project. Despite this it is still recommended that local governments seriously 
review their waste disposal systems and consider the implementation of waste incineration.  
With most solid waste currently being deposited in landfills, we will concentrate on the use of 
landfill gas for the production of electricity with regards to waste as a resource in this report. 
There is, however, some controversy as to whether landfill gas should be considered as renewable 
resources for energy production. The critics are correct in the sense that energy recovery from 
waste is not a sustainable energy solution, as it is based on a problem for sustainability, which is 
the waste itself and to which energy projects are not a solution. These types of energy projects are 
instead attempts to minimise environmental impacts caused by waste. In this report we will, 
however, consider landfill gas projects as renewable energy projects for two reasons. Firstly, the 
                                                 
23 Torben Kristiansen works as chief technical advisor on a joint project between DANCED and The Gauteng 
Department of Agriculture, Conservation, Environment and Land Affairs concerning incineration of waste from 
medical clinics and hospitals in the Gauteng Province. There is no energy recovery in connection with the 
incineration as it is solely a way of disposing of hazardous waste, and the amount of waste is too low to make energy 
recovery feasible. 
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 methane released from landfills comes from the putrefaction of biomass, thus it can be 
considered as renewable energy. Secondly, the produced electricity is a side-product of measures 
taken for environmental reason, making the project an efficient use of existing energy, which can 
be characterised as renewable. Waste incineration can also be considered as a renewable resource 
for much the same reason as landfill gas. The vast majority of the waste incinerated is organic 
material that can be considered part of the atmospheric carbon cycle (ENS, 2002). With the high 
population density in the area around Cape Town and the high disposal rate of solid waste, the 
possibilities for the use of landfill gas in electricity production should be investigated to minimise 
the environmental impacts from the current problematic solid waste treatment system. 
4.4 Outcome of the Project Selection  
The project selection study has led us to three categories of projects, which warrant further 
investigation when considering the production of electricity from renewable resources in the 
Western Cape. We will make a more detailed examination of projects involving the use of landfill 
gas, wind and solar energy in the generation of electricity. The outcome of our discussion of 
fitting the electricity generated from renewables into the electricity system is that we will only 
investigate grid connected electricity generation solutions. When discussing the current stability 
of the grid and the ability to meet the electricity demand we have determined that the intermittent 
nature of various renewable resources could be a problem for the stability of the electricity 
system. For this reason the electricity generated from renewable resources should not be 
considered as having the potential to replace essential capacity. This will prevent destabilising the 
electricity network and shortages of electricity occurring. With the introduction of new capacity it 
will be possible to adjust output from conventional power plants more rapidly than is possible 
today. Technology which allows for this should be insisted on by the regulator in order to allow 
renewables to produce electricity in base-load. The intermittent nature of renewables will be 
easily adjusted for by the introduction of conventional capacity whose output can be adjusted up 
and down quickly according to requirements.   
The study has only given an indication of project types that would be feasible regarding the 
availability of resources, how to fit the electricity into the current capacity planning and the 
present stage of technological development. In the chapters that follow we will examine the 
feasibility of the projects taking into consideration more detailed resource mapping, infrastructure 
requirements, technological options, economical impacts and financing, in order to determine 
how these electricity generation project types can contribute to achieve our goal of 600 GWh 
electricity derived from the use of renewables by 2012 in the Western Cape.  
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5 Landfill Gas for Energy Purposes 
The aim of this section is to examine the possibilities for use of waste as a source of energy in the 
Western Cape. The possibilities will be exposed through an investigation of the resource and the 
location requirements followed by a discussion of the technological options and the economics 
involved in the exploitation of the resource. 
Cape Town Metropolitan Council (CMC) is currently, in conjunction with the consultancy 
SouthSouth North, investigating the feasibility of a landfill gas project at the Bellville South 
Waste Disposal Facility, which is one of six large landfills in and around the greater Cape Town 
area. In this section we will consider the Bellville South project, as well as attempt to determine 
the feasibility of similar projects at other landfill sites in the Western Cape.   
5.1 Location Requirements 
Gas utilisation for electricity generation is only likely to be feasible at sites with inputs greater 
than 100,000 tons per annum of municipal waste and a minimum landfill capacity of one million 
cubic metres (Johnston, 1991: 51). As the table below clearly indicates, the major landfill sites in 
Cape Town fall within the range of what are considered the minimum requirements for a landfill 
to be considered for methane extraction and utilisation of the gas to produce electricity. 
Table 5.1:City of Cape Town Landfill Information (Borcher, 2001: 1) 
Landfill Information Expected closure date Annual disposal rate 
(tonnes/year) 
Coastal Park General waste landfill 2016 337,746 
Bellville General waste landfill 2006 309,489 
Swartklip General waste landfill, 
replaced by transfer station 
to feed Vissershoek 
2000a 233,644 
Brackenfell General waste landfill 2004 221,768 
Faure General waste landfill, 
replaced by transfer station 
to feed Vissershoek 
2002a 219,810 
Vissershoek Hazardous & general landfill 
site 
2015 134,047 
a: It is unknown whether these landfills has been closed down yet. 
 
Bellville South landfill is currently used to dispose of 309,489 tons of Cape Town’s solid waste 
per annum. The site has a permit to be used as a landfill site until 2005, where after it will be 
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 capped and sealed. It is likely, however, that the site operator will apply for an extension of its 
permit to operate and that permission will be granted. 
5.2 Resource 
Landfill gas is produced during the degradation of organic material present in the landfill and 
consists predominantly of a mixture of methane and carbon dioxide, which are typically present 
in a ratio of 60:40 by volume (Grantham, 1991: 21). There are also trace constituents such as 
hydrogen and hydrogen sulphide amongst others. The concentration of these components are 
however very small and practically non-considerable. In combination with air, methane forms a 
mixture which can explode if ignited, which makes it necessary to extract and flare landfill gas. It 
is here where the potential to utilise landfill gas to produce electricity lies. 
At the Bellville South landfill site about 50% of the waste dumped is organic, which will lead to 
the production of, once capped, an average of 30.6 million m3/annum landfill gas over ten years 
with a methane content of 57% (Thorne, 2002: 1). It is estimated that to be viable, electricity 
generation requires approximately 30,000 m3/day of gas production (Thorne, 2002: 3). 67,000 
m3/day gas will be produced over the ten year period by the Bellville landfill site, which makes it 
a potentially attractive site for electricity generation. The ten-year lifespan of the Bellville landfill 
gas project is the generally predicted lifespan of landfill gas projects in the greater Cape Town 
area due to weather conditions, which means that most of the organic waste will have been 
decomposed ten years after the closure of the site. The forecasted production of landfill gas over 
a ten-year period can be seen in Table 5.2 below. 
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Table 5.2: Landfill Gas Generated at Bellville Landfill Waste Site (Adapted from Thorne, 2002: 26) 
Year Annual Waste 
Disposal  
(tonnes/y) 
Produced  
LFG  
(m3/y) 
Collected a 
CH4 
(tonnes/y) 
2002 350,000 21,089,000 6,414 
2003 370,000 24,580,000 7,476 
2004 390,000 28,200,000 8,577 
2005 420,000 31,950,000 9,718 
2006 Nil 35,830,000 10,898 
2007  34,350,000 10,448 
2008  32,940,000 10,019 
2009  31,580,000 9,605 
2010  30,280,000 9,210 
2011  29,040,000 8,833 
2012  27,840,000 8,468 
2013  26,700,000 8,121 
2014  25,600,000 7,786 
Maximum  35,830,000 10,898 
Average b  30,611,000 9,310 
Total b  306,110,000 93,104 
a Collection efficiency 80%. 
b Values estimated for a 10-year period, i.e. 2005-2014. 
 
With regards to the other landfill sites in the greater Cape Town area, four are earmarked for 
closure within the next five years (Thorne, 17/3 2003). A study by the private energy consultancy 
Energy Cybernetics recommends that the landfill gas recovery and utilisation project should be 
expanded to other sites, but Energy Cybernetics were unable to determine the quantities of 
methane gas that can be recovered from these sites. It was recommended that the initial focus be 
placed on the Coastal Park and Vissershoek landfill sites as they receive the largest quantities of 
waste and have the longest remaining life of the available sites (Thorne, 17/3 2003).   
5.3 Technological Options 
We will discuss the possibilities for the use of technology in the conversion of gas to electricity. 
The technology for gas collection consists of a collection and extraction system, as well as a 
concrete cap with a plastic membrane to isolate the landfill. The collection system is the most 
critical part of landfill gas extraction projects (Basketstown, 2000: 2). The most common 
collection systems consist of vertical collection wells connected to a series of pipes, which 
transport the gas away from the landfill. Usually the extraction process occurs with the help of a 
vacuum pump used to pump the gas away from the collection wells. This creates low pressure in 
the collection wells, which allows for the gas to flow freely into the collection points (Eden, 1994: 
5). Some systems rely on variations in atmospheric pressure to draw the gas into the wells, but 
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 this system is unstable due to variations in the weather and is not recommended. It is important 
to be aware of the need for a good drainage system and slope on the pipes in the gas extraction 
network, as water pockets in the pipe system will make gas extraction impossible. (ENS, 1996: 
13) The specific composition of the waste can also cause problems. If the waste is collected in 
plastic bags and dumped at the landfill the bag can trap the gas thus making it impossible to 
extract. The general density of the waste also has an effect on the possibilities for extracting gas. 
Landfill gas can be burned to produce electricity or heat or both. The first option will give the 
highest electrical generation efficiency, while the latter will give the highest overall energy 
efficiency.  
There are two technological options for combined heat and power generation (CHP). The first 
option is the construction of an extraction unit, which has two cooling systems consisting of a 
water or air cooled condenser and a secondary circuit, where the heat is used for purposes other 
than the generation of electricity. The secondary circuit is attached to a heat exchanger, which is 
itself connected to the primary circuit. The secondary circuit consists of two circuits, one 
delivering process steam to industry and, if there is no demand for heat, a condenser in the form 
of a cooling tower or the sea in order to cool the feeding water in the primary circuit. The 
advantage of an extraction unit is that it is, to some extent, possible to control the heat and 
power generation ratio, which is not possible with the second option, the backpressure unit. In 
this type of unit the only cooling source is the heat consumption in the second circuit, which 
gives a fixed relationship between heat and power output.24 A backpressure unit is not as flexible 
as an extraction unit, but is cheaper in construction costs, as only a single cooling system is 
required. Generally speaking backpressure units are recommendable for small CHP projects such 
as landfill gas, as costs are generally lower. 
Construction of a CHP backpressure unit for the conversion of landfill gas would be the most 
energy efficient solution and probably give the project the most favourable economy. This would 
entail a high ratio of heat production compared to electricity generation. Since we have not 
identified any industries with a need for or interest in combined heat and power production, we 
have decided only to consider the generation of electricity from landfill gas, which means our 
calculations are on the conservative side. 
We would recommend the use of a bio-fuel engine for the conversion of gas to electrical power 
as it has higher electrical efficiency than a bio-fuel furnace (ENS, 1996: 36-39). The choice of the 
engine over the furnace is, however, only an option if the gas from the landfill is clean enough, 
meaning free of particles, tar etc. 
                                                 
24 This relationship is expressed with a Cm-value, which is electrical output divided by the heat output with a given 
fuel consumption. A backpressure unit with an electrical efficiency of 25% and an overall efficiency of 85% will in 
that way have a Cm-value of 25/(85-25)=0.42. The technological challenge is to achieve the highest Cm-value 
possible.  
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Power generated from a plant near Bellville South landfill could be supplied to the adjacent 
wastewater treatment plant, the industrial park in the vicinity or fed into the local electricity grid 
(it is estimated that sufficient power could be generated to serve up to 5,000 homes). All the 
options mentioned would in turn relieve the national electricity supply infrastructure. Assuming 
80% LFG capture, 30% efficiency in generating power, and 70% availability factor, the electricity 
produced could be estimated at 24.3 GWh/year (Thorne, 2002: 14). 
5.4 Environmental Performance of Landfill Gas 
The burning of landfill gas causes some air polluting emissions, though much less than coal 
power. The carbon dioxide emissions from the combustion of landfill gas are considered as 
neutral as the organic material that leads to the creation of the gas through decomposition is a 
part of the carbon cycle. This carbon dioxide is released again when using the energy from the 
organic material, but no additional carbon is introduced into the cycle, as is the case with the 
burning of fossil fuels. There are no particle emissions involved in the burning of methane.  
According to the figures from Bellville South sulphur dioxide emissions are negligible as the gas 
only contains trace elements of sulphur. It is, however, important to be aware of the possibility of 
higher sulphur concentrations in gas from other landfills, which must be considered in the 
environmental impact assessment of the project. Even though the sulphur concentrations might 
be higher in gas from other landfills, it is unlikely that the sulphur dioxide emissions from the 
combustion of landfill gas would exceed those from coal power.  
The only significant air polluting emission from landfill gas projects will be nitrogen oxides, 
which vary according to the technology used. Using the suggested bio-fuel engine as the energy 
converter would lead to NOx emissions of 1.8 kg NOx/MWh (see appendix B1) (ENS, 1996: 39). 
5.5 Economics of Landfill Gas 
According to projections the amount of gas produced at the Bellville landfill site should be 
sufficient to make the generation of electricity a viable undertaking for a ten-year period after 
closure of the site. After this it will no longer be viable to operate the electricity generating 
facility, however the existing plant could be considered for relocating to another landfill site 
(Thorne, 2002: 6).  
The cost of the collection and extraction system of the landfill gases, which is estimated to be 
approximately R250,000/ha, is considered to be part of the City of Cape Town’s capital 
development cost for operating and closing the site, which is largely recovered from the public 
through the rates which are charged (Thorne, 2002: 13). The cost of a flaring system (not 
included in the cost/ha stated above) would cost between R3 to R3.5 million. The cost of 
implementing a plant and associated infrastructure for the beneficiation and utilisation of landfill 
gas for productive use, e.g. for power generation, is not considered to be the responsibility of the 
City (Thorne, 2002: 13). Should a plant be installed for power generation, economic 
considerations would include the following: 
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 The cost of installing a power generation plant to optimally use the landfill gases extracted from 
the site is estimated to be between R10-12 million/MW for a 4 to 5 MW plant. The total 
therefore is in the range of R40-48 million for a 4 MW facility. Operational and maintenance 
costs of the power plant are estimated to be R0.018 per kW/h produced (Thorne, 2002: 14). 
Construction of a 4 MW unit to produce electricity from Bellville landfill would cost R44 million 
with a construction cost of R11 million/MW installed capacity. With a conversion efficiency of 
30%, an expected lifetime of 10 years and an interest rate of 6% p.a. cleared for inflation this 
gives an average production price of 26.4 c/kWh without any heat generation included. The 
figures for this calculation are conservative and no profit is included in this price. 
5.6 Stakeholders and Development Perspective 
Stakeholders in landfill gas projects in the Western Cape will probably be local government, 
private investors, those that live off the landfill and local industry. 
Local government will play an important role in any landfill gas project in the Western Cape, as 
waste disposal is the responsibility of the municipality, as is the management of landfills, even 
though these duties can be sub-contracted to private companies. It is the responsibility of the 
municipality to ensure that the emission of methane gas from landfills occurs in a controlled 
manner and does not pose a danger to the local population and the environment. Due to this it is 
conceivable that municipalities could be a major driving force in the adoption of projects 
producing electricity from landfill gas. A stumbling block for this could be the fact that many 
municipalities are in dire financial trouble and lack the financial resources and capacity to start 
such a project. Inter-municipal cooperation could alleviate these issues, as could cooperation with 
private investors, as is the case with the Bellville South landfill project. Private investors could be 
the catalyst behind many landfill gas projects if favourable economic conditions exist, but this will 
require the existence of niche markets or contracts with the local electricity distributor (usually 
the municipality) to purchase the produced power. Private investors could be businesses or 
individuals both from South Africa or abroad. It seems possible that landfill gas projects, due to 
low capital costs compared with the construction of a coal fired power plant, could be 
constructed as co-operative societies as well as being an investment opportunity for black 
economic empowerment groups. Any landfill gas project would have to involve the local 
municipality, not only for reasons of ownership but for the approval of environmental impact 
assessments and the necessary zoning permission if this is required.  
Landfill gas projects in South Africa would also have to take the large number of people eking 
out an existence by scavenging off landfills. The capping of landfills would affect these peoples 
livelihood and a solution would have to be found so as to involve them in projects. This could 
involve offering them a share of the project or employment during the construction of the 
project. In this way landfill gas projects could contribute to social upliftment and redistribution of 
wealth to previously disadvantaged people. 
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Local industry plays an important role in the financial stability of landfill gas projects. If a need 
for process steam exists in the vicinity of a landfill gas project it makes for a much healthier 
economy for the project as discussed above. Local industry could also be encouraged to buy the 
produced electricity so as to create an image of being environmentally aware. Local industry may 
also have an interest in purchasing landfill gas directly from the landfill and using it in furnaces or 
for their own production of electricity or process steam or both. There could be financial benefits 
for industry to do this, especially if the Clean Development Mechanism becomes a reality and the 
trading of carbon credits takes hold. 
5.7 Summary – The Potential for Electricity Generation from 
Landfill Gas 
Technology is not the problem for the conversion of landfill gas to electricity. Different options 
do exist so adaptation to local needs referring to combined heat and power generation or pure 
electricity generation is possible. The question determining the real potential for the use of 
landfill gas is whether the Bellville South project can be replicated at other landfill sites in the 
greater Cape Town-area. Factors such as percentage of organic waste and the amount of gas 
produced are unknown, and would have to be determined before one could recommend a 
concrete landfill gas project. If one considers the Bellville project as a model for waste produced 
and gas released then one can make a rough estimate of the potential for electricity produced by 
the other landfill sites in the area. It can be determined that on average the amount of waste 
needed to produce 1 GWh/year is 15,000 tons25. When this factor is calculated into the other 
sites, the following results are found: 
Table 5.3: Potential for Electricity Production from Cape Town Landfill Sites 
Landfill site Potential electricity 
produced (GWh/y) 
Coastal park 22.5
Swartklip 15.5
Brackenfell 14.7
Faure 14.6
Vissershoek 8.9
Bellville 24.3
 
This calculation is only useful if the Bellville landfill gas project shows to be replicable at other 
landfill sites in the greater Cape Town-area. It is also important to note that landfill gas is a 
resource, which is most likely only present in and around Cape Town, as the technology requires 
quite large quantities of organic solid waste and therefore a high population density. Due to this it 
                                                 
25 Bellville landfill receives 360,000 tonnes per year and will produce 24.6GWh/year of electricity. 360,000/24 = 
15,000. 
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 is unlikely that landfill gas projects could be used extensively in the Western Cape, but if the first 
project is a success full exploitation of the resource should be considered. 
Since there is no previous experience with landfill gas extraction for electricity generation 
purposes we estimate that the two first landfill gas projects will be regarded as pilot projects to 
show the public, politicians and investors that the projects are technological and economical 
feasible, and if successful the next generation of projects will operate as demonstration projects. 
This issue about the development perspective of landfill gas electricity generation projects will be 
explored further in connection to our discussion later in this report of the expected development 
paths for the increase of electricity generated from renewables in the Western Cape. 
It is important to bear in mind that landfill gas electricity generation projects only have a 
predicted life-span of ten years after the closure of the landfill, but landfill gas is a fairly cheap 
renewable energy option for electricity generation and furthermore has the advantage of being 
established as a CHP-project, which will benefit the environmental and economic performance of 
the project. 
Landfill gas projects suffer, like other renewable resource-based electricity projects, from the lack 
of awareness both among politicians and citizens, and the projects’ potential ability to socially 
uplift some of the poorest population groups, whilst giving environmental benefits, should be 
stated heavily in the further discussion of possibilities for generating electricity from renewable 
resources. This can help to justify the higher generation costs compared to coal power, but 
innovative ways of financing or regulation promoting the development are still required to make 
the projects viable and competitive with the current power generation system. 
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6 Wind Power 
This section relies on general measurements as well as experiences from the Darling Wind Farm 
and the Eskom test facility in Klipheuwel. The Darling Wind Farm has not yet been built but the 
plan is to install a 10 MW wind generation facility situated north of Cape Town. The installation 
will take place in two phases: The first phase will comprise five 1 MW turbines with an estimated 
production of 13.2 GWh per annum (Munro, 14/2 2003). The second phase of the project is 
similar to the first but it is uncertain when or even if the second phase will be constructed. The 
developer of the project is Darling IPP, a registered company comprising local and foreign 
shareholders (Schäffler, 2001: 11). The Eskom demonstration site has a capacity of 3.16 MW 
divided amongst three wind turbines. It has recently been launched and provides electricity to the 
Eskom transmission grid. These projects will be used as sources of information in this section, 
where further possibilities for exploiting the wind resource in the Western Cape are investigated.  
6.1 Location Requirements 
When determining the appropriate site for the location of wind turbines several aspects must be 
taken into consideration in order to ensure efficient and economically feasible generation 
facilities. In order to achieve the most effective system three factors must be taken into account, 
viz. the wind conditions at the specific site, the local geographic conditions and the efficiency 
curve of the specific wind turbine (Danmarks Vindmølleforening, 2002: 1). When considering 
grid connected solutions, the location of the wind turbines in relation to the location of the 
transmission and distribution grids must be taken into account so as to avoid prohibitive 
connection costs. A major transmission line runs nearby the Atlantic coast, as well as through the 
hinterland of the Western Cape. There are also distribution networks along the south coast and in 
and around Cape Town. 
Social considerations such as avoiding sites close to inhabited areas and environmentally 
protected areas must also be considered. Noise pollution related to the generation of electricity 
from wind turbines has been a major issue when determining the location for wind turbines 
(ENS, 1995a: 11). The noise has to a large extent been reduced as a result of improved 
technology over the last 10 years. The gearing systems, which is the source of most of the noise 
has been improved, but still the rotation of the blades causes noise, which cannot be prevented. 
The Atlantic coastline of the Western Cape is relatively sparsely populated which could indicate 
appropriate sites for wind farms, though the presence of major bird sanctuaries along this coast 
must be taken into consideration.  
6.2 Resource 
Measuring the wind resources for locating wind turbines requires information on the wind speed 
at hub height as well as data on the variation of wind speed during the day and during the year in 
order to select the correct type of turbines for the specific site. It is important to determine 
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 variations in wind speed in relation to electricity demand in order to establish the economic 
feasibility of a project. In the Western Cape the sites with the best potential are found along the 
entire coastline especially along the Atlantic shoreline, and wind turbines established here could, 
as earlier explained, easily be grid connected, as one of South Africa’s major transmission lines 
runs not far from the coast (FEI, 2002: 12). Thus it could be possible to supply the national grid 
with electricity produced using the wind resources in the Western Cape. 
 
 
Map 6.1: Wind power potential in South Africa (Diab, 1995) 
It should be emphasised that production from a wind farm is sensitive to uncertainties in 
measuring wind speed. Though production statistics from a number of Danish wind turbines 
gives evidence of good correlation with production forecasts on average it must be expected that 
the standard deviation of the difference between the actual and the expected output from the 
wind facility is in the order of 20% p.a. (Danida, 2002: 56)  
When looking at the conditions for implementing wind turbines in the Western Cape it is 
necessary to consider the wind speed variations during the day as well as over the year in order to 
examine to what extent the wind profile overlaps the demand curve of electricity. Measurements 
for the preparation of the Darling Wind farm by CSIR26 and Risø were made over a 12-month 
period between July 1997 and June 1998 at a height of 12 meters as well as another study to 
determine the viability of electricity production of the wind farm. Wind data measured showed an 
average wind speed during the given period of 6.9 m/s at 12 metres27 (Danida, 2002: 37). 
                                                 
26 The CSIR is a state controlled technology and research organisation in South Africa. 
27 The remaining 3 months’ data have not yet been analysed. 
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Extrapolating this measurement to 50 m gives an estimated annual wind speed at hub height of 
8.5 m/s (Schäffler, 2001: 11).  
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 Western Cape can cause problems in determining the correct size of turbine as the high wind 
speed during the summer would require a small rotor diameter which would effect the output 
during the winter as this will not be as high. Given the development of blade rotation in wind 
turbines, variations of up to 60% can be captured giving the same output. (Vestas, 2003) When 
measuring the specific site for a wind facility a more detailed study must be undertaken in order 
to match the conditions to the appropriate choice of turbine. 
In order to secure a more stable output from the wind facility and to even out the variations in 
output from a wind turbine related to wind turbulence, it is recommended to cluster the wind 
turbines. In general the amount of wind turbines determine the efficiency variations for the wind 
farm output as a total and stabilises the output. If the wind turbines are placed in clusters on a 
flat site the distance between each turbine should be about 7 – 10 times that of the rotor swept 
area of a turbine to secure that the wind turbulence does not have an influence on the 
production. (Plagborg, 10/3 2003)  
6.4 Economics of Wind Energy  
The costs of production are determined by the costs of the generation facility as well as the costs 
of installing and maintaining the equipment. When dealing with grid-connected solutions the 
distance to and the costs of connecting the facility to the distribution or the transmission grid 
must be added to the capital costs. The cost of equipment can be measured either by MW 
installed capacity or per rotor swept area. Calculations have been measured for the Eskom 
demonstration project where the costs of purchasing a 3.16 MW facility have been R38 million 
(Smit, 18/2 2003). This expense includes the installation costs of R3.7 million for the towers and 
transport, R560,000 for cranes and R950,000 for the transformer stations. The preparation costs 
for the project in the form of planning costs; a mandatory environmental assessment and 
preparations of technical documentation contribute a further R2.3 million. (Schäffler, 2001: 17) 
Due to the lack of experience with IPPs producing electricity for the grid there is no fixed price 
for connecting the generation facility to the transmission or distribution grid. Eskom has 
assumed that the cost of connecting their Klipheuwel wind turbine demonstration project to the 
grid would be approximately 5% of the capital costs of the project, which for the 3.16 MW 
facility gives a total costs of R1.9 million. The wind farm is situated 1 km. from an 11 kV 
distribution line, which is taken into account in the calculations (Schäffler, 2001: 18). The 
advantage for the Eskom demonstration project concerning the costs of connecting to the grid 
compared with IPPs is that Eskom owns the distribution network in that area which exempts the 
wind facility from paying any entrance fee. The proposed costs for the Darling Wind Farm is 
R934,000 as entrance fee for connection to the Eskom transmission system. The total capital 
costs for the Darling wind facility amounts R47 million for the 5.1 MW installed capacity, which 
makes the entrance fee about 2% of the total capital costs.  
Operational costs include the costs of operating the facility, services, insurance, renting the site 
and administration of the wind farm. Danish experience has shown that 20-25% of the cost of 
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the wind turbine should be budgeted to cover major reparations, etc. additional to ordinary 
operating and management costs throughout the lifetime of the turbine. (Danmarks 
Vindmølleforening, 2002: 1) The estimated ordinary operating and maintenance costs for the 
Darling Wind Farm are 10 c/kWh using a financial discount factor of 6%. In that case a 5.1 MW 
wind farm will have operating and maintenance costs of R1.3 million p.a. for the predicted 
output of 13.2 GWh. 
The generation costs on a reasonably good wind site are around 35 c/kWh which is close to the 
power purchase agreement between the Darling Wind Farm and Cape Town Metropolitan 
Council which gives a fixed electricity price of 37 c/kWh. (Munro, 14/2 2003) Given the wind 
conditions in the Western Cape we will use the price determined for the Darling wind farm in the 
further discussions in this project. Though it should be mentioned that establishing a market for 
wind energy in South Africa would probably lead to price decreases in the sector due to 
economies of sale. The predicted development in consumer cost price for wind generated 
electricity is likely to decrease over the next 7-10 years due to further development of the 
technology and an increase in cost effectiveness by manufactures which will make wind energy 
more competitive in the future. At present generation costs on a reasonably good wind site are 
around 35 c/kWh. The generation costs are expected to come down to 27 c/kWh over the next 
ten years and to 23 c/kWh by 2020 (Schäffler, 2000: 1).  
6.5 Stakeholders and Development Perspectives 
The stakeholders that we expect will have an interest in or the opportunity to establish and own a 
wind farm facility in the Western Cape are Eskom and various IPPs such as independent 
companies or private investors either on their own or together in co-operatives.  
As stated above Eskom has already established three test wind turbines in the Western Cape 
Province, and has no further plans for expanding the site or operating in other areas. Various 
reasons have been mentioned for this decision. According to Kevin Nassiep, energy research 
operations manager at Eskom and head of Eskom’s wind and wave research programme, solar 
energy projects are Eskom’s priority when it comes to development and research in renewable 
energy. Despite the government’s wish to move away from demonstration projects, Eskom still 
sees demonstration projects as the basis for technology development. For this reason Eskom will 
not consider the enlargement of the wind farm or the building of new capacity before the results 
from the established demonstration facility have been verified. This is likely to take a couple of 
years at least. (Smit, 18/2 2003) 
IPPs can be expected to play an important role in promoting and owning wind facilities in the 
Western Cape. The capital costs of a wind turbine, though large for most single investors, are 
relatively small compared to both conventional and other types of renewable energy facilities. 
This gives this type of electricity generation an advantage over other forms of renewables as well 
as conventional power generation facilities, as the capital cost is a major constraint when 
investing in renewable resource-based electricity generation facilities. Another advantage is that 
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 wind turbines are a well-known technology throughout the world, though not yet in South Africa, 
making investments in these types of technology less risky. The establishment of co-operatives 
might be a good idea in the promotion of wind power, as this opens the possibility for the 
construction of wind farms reducing the economic risk, as the investors are not dependant on a 
single wind turbine when joining a co-operative. The idea of co-operatives might well be suitable 
for the government’s ideas concerning social upliftment, as the shares in the power producing 
company can be given to low income population groups giving these a chance of a regular 
income. These are opportunities that must not be overlooked when the possibilities for increased 
use of wind power are investigated. 
The local development perspective for wind turbines is not expected to be very good as the 
technology has already been widely developed and is available on the global market. There will, 
however, be some sort of local industrial development in connection to the construction, 
operation and maintenance of wind turbines, and South African companies will most likely 
manufacture the towers as well as do the actual construction at the wind farm site.  
As regards wind technology the development within the sector has reached a level where the 
technology must be considered commercial. Developing the use of wind turbines in the Western 
Cape would therefore rely on demonstration facilities adapting the technology to the existing 
conditions and proving the technology is suited to the weather conditions in the area. Eskom has 
established the Klipheuwel wind facility as a demonstration project and is not intending to 
increase the amount of wind turbines until more experience has been gained. The wind farm 
planned in Darling has been designed as a commercial power project and has been eight years in 
the planning. This long period stresses the need for establishing small projects in the initial phase 
to obtain the needed experiences, which can be useful for the further development. Under these 
circumstances it is recommended that the experiences from Klipheuwel as well as the 
establishment of other demonstration project will create possibilities for further development in 
the field.      
6.6 Summary – Possibilities for Wind Power 
The introduction of wind power in the Western Cape has advantages because of the generation 
facilities being small units, which lower the capital costs and makes individual ownership possible 
for a broader range of investors. Investments in wind turbines appear to be an opportunity for 
smaller investors through joint ownership in co-operations. The technology is fully proven and 
available on the global market. This limits the potential for further local technology development, 
but reduces the risk of investments significantly. There will however be a potential for local job 
creation, as the increase in use of electricity generated from wind will create the possibilities for 
establishing an industry producing various components at a local level. The biggest constraint for 
increased use of wind power in the Western Cape is that the production pattern is not in 
harmony with the demand for electricity on a daily and annual basis. Furthermore the generation 
costs for wind-generated power are much higher than for conventional generation, which under 
the current legislation is a major barrier for the technology. Supportive regulatory incentives are 
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therefore a requirement for an increase in wind turbine capacity. Possibilities for the introduction 
of this will be discussed later in this report. 
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 7 Solar Thermal Power Plants 
The purpose of this chapter is to identify the possibilities for large-scale solar power plants to 
play a role in the promotion of renewable energy in the Western Cape electricity supply. Eskom 
currently has plans for a large-scale solar power with the construction of a 110 MW heliostatic 
plant in Upington in 2004/2005. Approval of the plans was expected in March 2003 (Nassiep, 
6/2 2003), but a decision was yet to be made by May 2003. The 110 MW central receiver plant in 
Upington, is expected to produce 410 GWh of electricity per annum (Van Heerden, 4/3 2003). 
The proposed plant will form the basis of our investigation. 
7.1 Location Requirements 
A solar power plant located in the sunniest area of the Western Cape, the north-eastern part 
around Beaufort West, would be well situated for connection to the transmission grid as the 
major transmission line connecting Cape Town to the major power plants in Mpumalanga runs 
through the area (FEI, 2002: 12). Furthermore there is plenty of space for the construction of 
one or more power plants, as the area around Beaufort West is scarcely populated and the 
inhospitable land is used mainly for grazing of sheep.  There might however be problems with 
transmission as excess transmission capacity on the major supply line for Cape Town, as 
mentioned earlier, will be required.  
7.2 Resource 
We have used a conservative estimate of the solar potentials to investigate the potentials for solar 
power in the Western Cape. The mean annual solar radiation in the Cape Town area, which in 
this case is almost identical with the Western Cape Province, is estimated to be 1915 
kWh/m2/year.28 (Eberhard, 1990: 36+52) Due to the broad definition of the Cape Town area the 
data can be used as an indicator of the solar potential in the Western Cape Province. However 
there are significant differences in the solar potential within the province. Solar radiation in Cape 
Town, as compared to the rest of the Western Cape region, is about average in the summer 
months, but is the area of South Africa with some of the lowest energy content in radiation 
during the winter months. Further north in the province the solar potential is generally better 
than in the south, which is why eventual solar power plants placed within the borders of the 
Western Cape Province should be placed as far north or north-east as possible, where the solar 
potential can expected to be higher than the estimated average of 1915 kWh/m2/year for 
Western Cape. (Eberhard, 1990: 17-29). The average global29 solar radiation for the Western Cape 
over the year is shown in Figure 7.1  below. 
                                                 
28 The areas’ demarcations are rather large, therefore the Cape Town area in the estimation is quite similar to the 
entire Western Cape Province. 
29 Global includes all solar radiation, hereunder diffuse radiation. 
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 Global Solar Radiation in Western Cape
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Figure 7.1: Global solar radiation in the Western Cape (Eberhard, 1990: 36) 
 
As the figure indicates the solar radiation in the Western Capes varies significantly during the year 
with a radiation of 247 kWh/m2/month in January to 71 kWh/m2/month in June. This variance 
in output during the year is an important issue to take into consideration, when discussing 
opportunities for solar power.  
7.3 Technological options 
Eskom has bought a study of the various technological options for the use of large-scale solar 
power in South Africa. The study investigates 14 large-scale solar technologies and was compiled 
by Enron to keep it independent. (Nassiep, 6/2 2003) The report concludes by suggesting two 
possible technologies; the central receiver and the parabolic trough.  
The parabolic trough technology is the more mature of the two proposed technologies and large-
scale pure solar and partly natural gas-fired plants have successfully been operating in California 
for years. So far the largest parabolic trough plant, with a capacity of 80 MW, is located at Harper 
Lake, California. The plant can be up to 25% natural gas-fired and has verified generation costs 
of 12 US c/kWh. (Becker et al., 2000: 3-5) 
Both Greece and Spain have plans for the construction of pure solar parabolic trough plants of 
50 MW each and the construction of partly natural gas-fired parabolic trough plants ranging from 
100-310 MW is planned in Egypt, India, Iran, Morocco and Mexico. The World Bank supports 
construction of the combined natural gas and solar plants in developing countries, while the 
European Commission only supports pure solar plants. The technology is proven but the 
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 technological shortcomings include problems with finding transfer thermal oil, which is useable 
with temperatures in excess 400°C. The problems with the oil as the heat transfer media, together 
with the mirrors, which are sensitive to high wind speeds, are some of the major technological 
development challenges for the parabolic trough technology (Becker et al., 2000: 3-5). 
Though the parabolic trough technology is recommended by the World Bank, Eskom has for 
their pilot project in Upington chosen to use the central receiver (or heliostat) technology, where 
the sun is reflected by mirrors (heliostats) onto a central tower containing a salt consisting of 
sodium nitrate and potassium nitrate, which works as a fluid media and via a heat exchanger 
heats water in a second circuit with a conventional steam turbine. The thermal energy stored in 
the salt can be stored underground for 13 hours in summer and 5 hours in winter, so power can 
be produced in peak periods making the technology more competitive. (AEJ, 2001: 15) Central 
receiver plants have been operating successfully in California since the early 80’ies, but the largest 
project to date is the 10 MW Solar Two plant, which is the result of a retrofitting of the original 
Solar One project from 1982, so as the plant can now operate with molten salt as the heat 
transfer media. The technology is proven in small-scale but no scaled-up central receiver plants 
have been constructed yet and no industrial volume production of heliostat components exists 
(Becker et al., 2000: 7-8). For building a 100 MW electricity capacity central receiver plant a 
thermal capacity of 400 MW is required, and for this there is no previous experiences (AEJ, 2001: 
14-16). Thus regarding the stage the technology has reached, the central receiver technology 
needs to mature as the parabolic trough technology has done, but this does mean that the central 
receiver technology holds the greatest potential for industrial development when promoting 
renewable technologies. Currently Spain is the leading nation for pilot and demonstration central 
receiver projects, as several plants in the size range of 10-20 MW electricity capacity are planned 
(Becker et al., 2000: 8). 
7.4 Economics of Solar Thermal Power 
Eskom expects the capital costs for the plant in Upington to be approximately 22,000 Rand/kW 
installed capacity and the plant has an expected lifetime of 35 years (Van Heerden, 4/3 2003). At 
present the generation costs for at plant situated in Upington is expected to be around 60 c/kWh, 
but Eskom believes the generation costs can be reduced to below 50 c/kWh, as the key to 
success for the solar plant depends on dispatch (Nassiep, 6/2 2003). Eskom’s target in the long 
term is, through income from carbon credits and improvement in technology and operational 
costs, to bring the generation costs down to 40 c/kWh (Nassiep, 6/2 2003; Van Heerden, 4/3 
2003). Still the generation costs are considerably higher than for conventional generated 
electricity, thus considerations about overcoming the economic barriers should be made. 
Due to the lower solar radiation in the Western Cape compared to the Northern Cape the 
generation cost will be higher. Taking 50 c/kWh as the average generation cost in Upington as 
standard for the Northern Cape a rough estimated price in the Western Cape would be 58.6 
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c/kWh.30 If the technology works well and the generation costs are reduced to 40 c/kWh in 
Upington it gives an estimated price of 46.2 c/kWh in the Western Cape region.  
7.5 Stakeholders and Development Perspectives 
The problems with financing of large-scale solar plants are substantial, as a large plant of 110 
MW, as the one planned in Upington is, is expected to have capital costs equal to R22,000 per 
kW, being R2,420 million in total capital costs. Small-scale plants can be expected to have even 
higher capital costs per kW installed capacity, so the capital costs of a 10 MW plant easily could 
exceed R300 million, which makes it very difficult for private individual investors to enter the 
market for solar thermal power, unless many investors are united in co-operatives. Furthermore 
the investment is uncertain if no risk-reducing regulation is implemented, which is why large-scale 
solar power is only possible for major capital-intensive investors. The only stakeholder on the 
South African electricity market able to make such an investment at present is Eskom, which 
only leaves small-scale solar projects as a possibility for IPPs to enter the market of green grid 
electricity based on solar power. 
As mentioned before Eskom has chosen to scale-up the central receiver technology for their 110 
MW electricity capacity pilot project in Upington. According to the company this is because the 
central receiver technology in the long term is expected to have generation costs of below 40 
c/kWh, where the parabolic trough technology is expected to cost 47 c/kWh. Another important 
reason for choosing the least developed technology might well be the business perspective in 
developing the technology and starting an industrial production of components. In the initial 
phase it is, however, most likely that most of the technology used for such large-scale solar plants 
will be imported, but if the technology is to be refined further and used more broadly in South 
Africa local production of components should be considered (AEJ, 2001: 16). 
The Eskom plan for a solar plant does not completely fulfil our criterion of proven technology, 
yet there is potential for local development and production. For this reason one could suggest 
that several small-scale plants were constructed as being a more secure investment than a single 
large-scale plant. Plants down to sizes of 10 MW can be expected to be available on the world 
market and put up as reliable generation capacity without many constraints. It is, however, 
uncertain if this is possible on a larger scale.  
The fact that central receiver technology is untried at the scale Eskom has proposed highlights 
the importance of the use of pilot and demonstration projects in developing and refining 
technologies. If Eskom’s proposed solar power plant materialises it will give Eskom valuable 
experience in the upsizing of the technology and, if successful, could lead to the building of 
demonstration projects, not only for the South African market, but also to indicate the 
functionality of the technology for the world market. Allowing the central receiver to develop in 
this way could make South Africa a world leader in solar thermal technologies and lead to the 
                                                 
30 (2214 kWh/m2/year) / (1915 kWh/m2/year) * 50 c/kWh  
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 creation of a local manufacturing industry to supply and develop the technology on the world 
market. Due to the excellent solar potential in the country as a whole, this approach should be 
considered despite the government’s reservations in supporting pilot and demonstration projects. 
This could result in lost opportunities and a reliance on imported technologies. The 
disadvantages of dropping the plans for large-scale solar plants are the change of the generation 
cost, which increases significantly, and the risk that the expected development potential, which is 
an important justification of the expensive technology, is lost. This will be discussed further in a 
later section of this report. 
7.6 Summary on Solar Thermal Energy Options in the 
Western Cape 
Currently electricity from renewables in South Africa has to be sold on marked-based conditions. 
A significant problem for large-scale solar thermal plants is that the electricity consumption is low 
in the summer, when the production from the solar plants will be high. This gives low electricity 
prices in the periods when solar power is available. So even though the electricity prices in the 
winter peak are so high that the electricity market could cover generation costs from solar plants, 
it is unlikely that solar power will be competitive on market-based conditions, due to the 
technology’s production characteristics. If solar power is to be sold on market-based conditions it 
will be necessary to find green consumers willing to pay a premium for electricity. It will most 
likely be a difficult task, as a solar power plant produces a significant amount of electricity and it 
is questionable how large the market for green electricity is. 
The huge capital costs for a solar thermal power plant is a problem, which should be of great 
concern, if one wants large-scale solar plants to contribute to the launch of grid-electricity from 
renewable resources. At the present stage this leaves only Eskom as the sole potential constructor 
and operator of such plants, even if project economy improves in future. 
The major constraint for large-scale solar power plants seems to be to raise capital and hereafter 
to cover the generation costs. It is clear that regulation is required to achieve the latter, as solar 
plants will have problems in feeding electricity into the grid at the most advantageous times. If 
these problems are solved large-scale solar is an electricity generation technology, which is 
reliable in the sense that it is possible to make quite precise forecasts for output, which is more 
difficult with wind power and other types of renewable energy.  
The construction of several small solar thermal power plants is an option instead of the 
construction of a few large-scale plants, which are technologically risky. It is, however, 
recommendable to aim at pilot projects with large-scale plants if feasible, as the potential for 
financial gains lies in the development of new technological options and industrial production of 
components for large-scale plants, which would both benefit the South African economy and 
hopefully achieve social goals such as job creation. 
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8 Market Conditions and the Projects 
The purpose of this section is to discuss the economic conditions, which concern all three types 
of renewable resource-based electricity projects we have investigated. These discussions are 
centred on market conditions for sales of electricity and the financing of the projects.  
8.1 Current Market Conditions for Electricity from 
Renewables 
The current average price the Cape Town Electricity Department pays Eskom for electricity fed 
into their distribution grid is 11 c/kWh (Munro, 14/2 2003), where the national average price is 
around 12 c/kWh according to Eskom (DANCED, 2001: 19). With production prices on 
electricity derived from renewables ranging from 26.4 c/kWh to about 50 c/kWh there is a 
significant price difference, which has to be covered somehow. 
As the situation is today producers of electricity from renewables are themselves committed to 
finding customers willing to pay the additional costs of the electricity. The Klipheuwel wind farm 
is an exception and can produce for the grid and aggregate the additional costs over the customer 
base, because the installation is considered a research project. (Smit, 18/2 2003) Other power 
producers using renewables (and all other sorts of generation technologies for that matter) are 
not allowed to do this and must find specific customers for their electricity. A survey in the Cape 
Town region shows that some larger consumers have indicated an interest in buying green 
electricity, but the actual size of the market is uncertain. (Otto, 3/2 2003. Munro, 14/2 2003) 
Though not certain of the market for electricity from renewable resources the Cape Town 
Electricity Department has recently signed a power purchase agreement with the Darling wind 
farm to purchase their annual production of 13.2 GWh electricity. The price was agreed was 37 
c/kWh, but in this case The Darling IPP, which owns the Darling Wind Farm, did not have any 
agreements with end-use consumers willing to buy the electricity, which leaves the identification 
of potential customers to the Cape Town Electricity Department. (Danida, 2002: 12. Munro, 
14/2 2003) The customers expected to be interested in purchasing electricity generated from 
renewables at this stage are large businesses, who are willing to pay the extra price in order to 
attain a green profile. A non-committal survey made by Cape Town Electricity Department has 
shown that a few larger supermarket chains and department stores could be interested in buying 
the electricity, but whether a power purchase agreement can be reached or not is uncertain. If the 
electricity department is not successful in finding customers they will cover the additional costs 
for the electricity, through the use of some of their set aside funds. (Munro, 14/2 2003) This is 
only an option, because the distribution company in Cape Town is one of the larger electricity 
distributors of South Africa with a reasonable economy, and the vast majority of the many small 
distribution companies would not be capable of doing so. It is also only an option because the 
electricity department, after some discussion with the regulator, have been allowed to do so by 
the NER even though it can be argued that it is aggregating the additional cost of the electricity 
from the Darling wind farm among all customers. (Munro, 14/2 2003) 
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 To recap on the current market conditions, it is clear that there are no specific arrangements, 
which favour electricity from renewable resources. It is a major problem promoting the use of 
renewable resources for electricity generation, as most technologies using renewable resources 
have problems being competitive regarding generation costs. It is, however, important to note 
that the price of the conventional electricity varies over the year due to peak periods, which 
makes electricity from renewable resources competitive at certain times. It is therefore necessary 
to take these fluctuations into consideration. This is discussed in the following section.  
8.1.1 Electricity from Renewables and Peak Periods 
As mentioned before the average feed-in price for distributors in the Cape Town area is around 
11 c/kWh. There are however large fluctuations in the electricity price between peak and off-
peak periods. Eskoms Megaflex tariffs are shown in Table 8.1 and gives, according to Willie 
Boeije, special advisor from NER, a good indication of the differences in prices at different times 
of the year and day. The prices charged by power producers is, however, slightly lower than these 
prices as transmission and distribution costs are included below. 
Table 8.1: Eskom Megaflex rates during winter and summer 
Eskom Megaflex Rates 2003 June – August September – May 
Peak 56.35 c/kWh 17.26 c/kWh 
Standard 16.26 c/kWh 11.42 c/kWh 
Off-peak 9.64 c/kWh 8.62 c/kWh 
(Source: Eskom Tariffs & Charges 2003, www.eskom.co.za) 
The times of day considered as respectively peak, standard and off-peak can be seen in appendix 
C1. The different prices give an indication of the variation in the economics of electricity sales. 
The figures below in Table 8.2 are a rough estimate of how much of the annual electricity 
consumption lies within the different pricing periods. Willie Boeije provided the average load 
data for weekdays and weekends in both summer and winter, which is used in this estimate. The 
data are however provided on a national level and the actual situation in the Western Cape might 
differ slightly. The calculations are derived from “typical” days, which might cause a loss of some 
variation in the data. The result shows, however, limited electricity sales in the periods with high 
prices. 
Table 8.2: Electricity consumption in South Africa throughout the summer and winter periods 
Consumption June – August September – May 
Peak 4.49 % 12.20 % 
Standard 10.07 % 29.36 % 
Off-peak 11.39 % 32.49 % 
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A weighted average of the prices within the periods above gives a consumer price of 13.5 c/kWh 
compared to the distributor average price of 11 c/kWh, therefore the difference in the price paid 
by the consumer and that charged by the producer is about 2.5 c/kWh. In that way the figures 
above are good indicators of the price structure in the market. The price changes over the year, 
but it is important to notice that the actual price fluctuations are reduced by long-term power 
purchase agreements. A narrower connection between the short-term marginal costs in the 
generation sector and the purchase price in the distribution sector is, however, expected to occur 
when a real-time power spot market is established under the framework of the Southern Africa 
Power Pool. Then it will be possible for power producers to get even higher prices for their 
electricity in the short winter peak periods. It is therefore necessary to look at the production 
characteristics of the technologies investigated. 
Both wind and solar power have problems with low production in the winter period from June to 
August given the resource conditions in the Western Cape, which makes it difficult to obtain the 
high prices for electricity when they occur. With regards to the daily variance in output it is 
suggested that the solar plant is constructed with underground heat storage with salt as the 
medium, making electricity generation possible in the evening peak, even though the sun has set. 
Though no exact measurements have been made the experiences from Klipheuwel wind farm 
shows that wind speeds usually decline in the afternoon and evening compared to the rest of the 
day, which gives some, though not overwhelming, problems to wind power’s ability to meet the 
daily peak demand. This experience’s validity has, however, not been verified, but if it should be, 
wind power will have some problems with having its largest output when the demand is low in 
Western Cape. (Smit, 18/2 2003) 
Landfill gas is better off than the other technologies regarding capability to meet peak demand 
and thereby get better prices, though the gas output is lower in the winter period than in the 
summer period due too lower temperatures. There is, however, expected to be a reasonable 
output throughout the year due to the mild climate in the region and the daily demand 
fluctuations can easily be taken into consideration in the planning of the production, as the gas 
can be extracted and stored in off-peak periods for later use in peak periods. 
Though there are differences in the different technologies ability to produce power at the right 
times, it is clear that the investigated technologies all have some problems in harmonising 
production with the electricity demand pattern and the production possibilities in the Western 
Cape. This is a major constraint if the renewable resource-based electricity projects in the region 
must be competitive on market conditions. 
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 Use of Pumped Storage to Cut Peaks 
Pumped storage can be used to increase the economic viability in renewable energy electricity 
generation projects.31 The losses in such a type of storage are 20 to 30%, but this loss could for 
instance be covered by the difference in price between the standard and the peak period in 
wintertime. In this case the price of pumped storage of wind power would, with a loss of 25%, 
increase the price from 37 c/kWh to 46.3 c/kWh, which due to the large price differences would 
be sufficient to make it economically rational to store wind power produced during the night or 
day in the winter to the morning or evening peak periods.  
The Western Cape has two pumped storage facilities, the municipality owned Steenbras of 176 
MW and the Eskom owned Palmiet of 426 MW, which both use all their capacity. (Munro, 14/2 
2003. Smit, 6/3 2003) The pumped storage facilities help to stabilise the energy system in the 
region and ensure stable generation conditions for Koeberg nuclear power station. Since we do 
not intend to destabilise the electricity system with the introduction of renewable energy, the 
contribution pumped storage can make to improving the economy of the projects is limited. It 
would at least require that the same company owned the renewable resource-based electricity 
facility and the pumped storage facility or the power producers using renewable resources were 
given rights to use the pumped storage facilities. Under any conditions pumped storage is only 
suitable for reducing the effect of the demand fluctuations on a daily basis, which does not solve 
the real problem for the electricity projects being the yearly variance in demand. Thus pumped 
storage can only contribute in a small way to making electricity from renewables economically 
competitive on a free market. 
8.1.2 Summary on Market Conditions for Electricity from Renewables 
At present there is a large price difference between electricity from renewables and electricity 
generated by conventional power plants. It is difficult, if not impossible; to control the 
production patterns of renewable technologies, and their production patterns do not match peak 
periods where the price for electricity on the market is high enough to cover the generation costs 
of these technologies. It seems likely that some electricity from renewables can be sold at a 
premium on the basis of individual PPAs for a variety of reasons e.g. idealistic consumers or to 
improve a business’s image but the market is not expected to be very large. Since no 
arrangements at present favour electricity from renewables in the South African power market 
and such electricity cannot compete with conventional power on price regulation must be 
implemented to level the playing field in the electricity market if electricity from renewables is to 
become a part of the power mix in the future. 
                                                 
31 Other means of storage for electricity such as e.g. batteries or use of the electricity to produce hydrogen will not be 
discussed, as these technologies are very expensive at present.  
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8.2 Financing of the Projects 
The financing of the different projects and the problems in connection herewith can, in terms of 
investigating the different financing options, be regarded as common to all the examined project 
types. Though the variation in investment and operation and maintenance (O&M) costs for each 
project affect the possibilities for financing this will be discussed for each project. The projects’ 
financing options also vary according to the development stage of the project (pilot, 
demonstration or commercialised), and this issue will also be discussed in this section.  
As shown through our discussion of landfill gas, wind turbine and solar thermal projects in the 
previous chapters one of the major hurdles for these kind of electricity generation projects in the 
Western Cape are the generation costs which are significantly higher than electricity generated at 
conventional coal-fired power plants. Some financing mechanisms can be used to narrow the 
price gap, if not completely level the price, between conventional electricity and electricity 
generated from renewables and examples of this could be special loans with no or very little 
interest as well as joint ownership of projects and foreign aid. Other mechanisms make it possible 
to borrow money for projects at near market interest rates without demanding the same security 
for the investment as traditional financial institutions do, but this does not bring down the price 
of the electricity generated at the facility. As the international concern for the environment is 
increasing this has lead to interest from international institutions in creating facilities to fund 
renewable energy activities (WB, 2001). International support comes from donor countries, either 
through bilateral or multilateral channels. The stage of the project’s development, which in 
chapter 4 were defined as pilot, demonstration or commercialised, affects the type of support, 
which is needed to promote the project. In the pilot and demonstration phases, projects will rely 
heavily on direct economic support such as grants and/or favourable loans, whereas in the 
commercialisation phase when the overall costs are expected to decrease it would be likely that a 
shift in support from direct funding to measures aiming at promoting an industry producing 
renewable energy technologies and improving the conditions for such an industry would be 
beneficial.  
8.2.1 Exchange Rate Problems 
A problem in the funding of the various projects could be the large fluctuations in the exchange 
rate between the Rand and major foreign currencies like the US-dollar and the Euro. The Rand 
used to be quite stable but during the last 1½ to 2 years the exchange rate has varied a lot. This is 
shown in the graph below showing the value of the Rand to the US-dollar. 
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Figure 8.1: Exchange rate fluctuations between the Rand and US$ (www.oanda.com/convert/fxhistory) 
 
Since most of the equipment for the construction of renewable resource-based power producing 
units in South Africa in the initial phase of implementation will be imported the investments are 
highly sensitive to fluctuations in the exchange rate. This problem is, however, not 
overwhelming, as the unstable exchange rate can be an advantage as well as a disadvantage for a 
given project depending on the time of equipment purchase. More serious is the problem that 
foreign investors do not have a degree of certainty about the value of the their investment and 
the revenues from it, both making the payback of the investment risky and the shares of the 
projects less tradable if one wants to sell them on the international market and if the Rand is 
continuously sensitive to fluctuations, this might be a barrier for investment from abroad. 
The exchange rate risk for investments in projects around the world has led investors from 
abroad to require that the loan be paid back in one of the major currencies. The World Bank and 
other development banks use this method of risk reduction. This moves the risk on the 
investment triggered by fluctuations in the exchange rate to the owners of the funded project, 
which can be a major problem as it might scare off some potential project developers because of 
the added uncertainty about the investment’s viability.   
8.2.2 Financing Options 
We will now look at different options for the financing of the electricity generation project types 
we have discussed in the previous chapters.  
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Foreign Aid 
One possible way of getting funds for electricity generation projects using renewables in the 
Western Cape is through foreign aid from developed countries. Since the fall of the apartheid 
regime in the early nineties foreign donors have virtually been stepping over each other to give 
development aid to South Africa.32 In 1999 the South African state received a total US$ 124 
millions in foreign aid (U.S. Department of State, 2001). The Darling wind farm has received 
R18.5 million in grants from the Danish state through Danida and on top of that R8.3 million as 
black economic empowerment equity from the European Investment Bank (Danida, 2002: 7).  
Foreign aid given as grants, through participation as sub-ordinate equity or as black economic 
empowerment equity is definitely a possibility for funding electricity generation projects using 
renewables. Especially projects in the pilot and demonstration phases would be candidates to 
receive this kind of funding, as well as capacity building projects at e.g. the DME and NER 
aiming at removing barriers and improving the conditions for renewable energy. It is however 
impossible to say how much money one can realistically hope to attract through these channels.    
Development Banks 
As a catalyst for private investments in the renewable energy sector development banks can be 
supportive in giving favourable loans compared to commercial banks to secure private financiers 
in investing in developing countries and thereby making financing of a project possible. 
Possible financing facilities for investors in South Africa would be the World Bank and the 
European Investment Bank as well as regional development banks such as The African 
Development Bank and Development Bank of Southern Africa. The World Bank provides loans 
for the development of infrastructure in developing countries and focus on sectors such as 
power, rural development, transport, telecommunications and water supply (Godier & Marks, 
2000: 7). South Africa is defined as a high-income developing country and can obtain loans 
through the International Bank for Reconstruction and Development (IBRD), which provide 
loans, and loan guarantees at near-market interest rates (Godier & Marks, 2000: 7).  These loans 
do not decrease the price of electricity generated at the facility but enables the owners of the 
project to obtain a loan. 
Global Environment Facility 
The Global environment facility (GEF) was established as a financial mechanism through the 
United Nations Framework Convention on Climate Change (UNFCCC) to provide new and 
additional grants and funding to achieve the goal of environmental benefits in the field of 
biological diversity, climate changes, international waters and ozone layer depletion. Within the 
scope of this report the climate change issue is especially important, as electricity generation from 
renewables’ main environmental benefit is reduction of GHG emissions. The GEF fund 
                                                 
32 Many reasons probably exist for this, but it is not within the scope of this project to discuss this. 
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 supports projects, which contribute to achieving environmental, social and financial sustainability, 
and strives to be consistent with national and regional initiatives. (GEF no. 7: 1) 
Two operational programs support the promotion of renewable energy and it is likely that these 
programmes could play a role, either directly or indirectly, in the establishing of electricity 
generation projects based on renewable resources in the Western Cape. The Operational 
Program Number 6 (promoting the adoption of renewable energy by removing barriers and 
reducing implementation costs) aims to promote renewable energy by removing the barriers to 
the use of commercial or near-commercial renewable energy technologies (GEF no. 6: 2). This 
programme does not provide funding directly for electricity generation projects but supports 
initiatives to remove market barriers for renewable energy solutions. Funding under this 
programme could be used for capacity development in the NER and the DME to enable these 
structures to deal with legislative and regulatory issues regarding renewables or for initiatives 
dealing with identifying prospective buyers of electricity from renewables. This type of funding 
has already been used in South Africa as funding from GEF was used to pay for the study33 of a 
market for green electricity in Cape Town as well as a study of awareness raising and policy 
conducted by the DME in connection to the Darling Wind Farm project. (Danida, 2002: 26)   
The other programme, Operational Program Number 7 (reducing the long-term costs of low 
greenhouse gas-emitting energy technologies), supports renewable energy technologies, which are 
not yet competitive with conventional energy technologies. This programme considers six 
technologies which have been proven on a commercial basis but have not yet reached a 
financially viable level in the receiver country either because of “high technology transfer costs, 
replication costs or commercial risks associated with the new technologies in new operational 
environments” (GEF no. 7: 3). The technologies that are emphasised under this programme are:  
? Grid-connected PV 
? Advanced biomass technologies (gasification/liquid fuel) 
? Solar thermal electric technologies 
? Large scale grid-connected wind power 
? Fuel cells 
? Advanced fossil fuel technologies (gasification/combined cycle)  
 
The aim of this programme is to support technologies with potential for decreasing generation 
costs through economies of scale at manufacturing and during operation. In our perspective this 
could mainly be the case with wind farms and large-scale solar thermal power plants where both 
technologies in the Western Cape are in the pilot/demonstration phase. Landfill gas projects may 
also benefit from GEF grants, as it can be argued that experiences from landfill gas projects at a 
couple of landfills in the greater Cape Town area, might contribute to developing the technology 
to improve performance under the natural circumstances present in South Africa thus lowering 
                                                 
33 This study has not yet been made public but André Otto and Gordon Munro among others have during our 
interviews referred to it. 
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the generation costs for future landfill gas projects in South Africa. Landfill gas projects lower 
GHG emissions, which in itself is a goal of GEF programme no. 7. (GEF no. 7: 3+5) 
The most promising perspective in economies of scale lies from a South African point of view in 
the development of the central receiver solar thermal technology. There might, however, be a 
problem in getting funding for this kind of solar technology as GEF, in conformity with the 
World Bank, emphasise the development perspectives of the parabolic trough technology 
especially used in combination with natural gas (Becker et al., 2000: 4., GEF no. 7: 3). It is 
however possible that GEF would support solar projects using other technologies such as the 
central receiver technology in the Western Cape if they recognise the technology’s development 
perspective.   
As earlier mentioned development of wind turbine technology and large-scale wind farms are 
expected to bring down the generation costs from this technology and it is likely that GEF could 
be used to fund the construction of wind farms in the Western Cape as they have already done 
with the Darling project.  
Even if GEF decides to support one or more of the examined project types in the Western Cape, 
additional funding will probably be needed as the total funding for the GEF operational 
programme no. 6 is US$ 100 to 150 million annually during the next 5 to 10 years and US$ 100 
million gradually increasing to 200 millions a year during the next 5 to 10 years. GEF also 
recognises the need for additional funding and expresses more interest in providing financial 
support for projects with multiple donors. (GEF no. 6: 9., GEF no. 7: 8)      
Clean Development Mechanism 
The clean development mechanism (CDM), as described under the Kyoto Protocol, could be a 
future financing mechanism for renewable energy projects in the South African electricity sector 
if the agreement is signed and gets ratified by enough countries. The main idea behind CDM is 
that developed countries which have an obligation to reduce their carbon emissions get credit for 
financing projects that reduce carbon emissions in a developing country without international 
obligations to reduce carbon emissions at present.34 The rationale is that GHGs mix uniformly in 
the atmosphere and therefore have the same effect all over the world (Spalding-Fecher, 2002b: 
2). In continuation hereof it is argued that it often will be cheaper to reduce emissions in 
developing countries as few pollution reduction initiatives have been implemented in the 
developing world, thus making carbon reduction measures simpler and less expensive. (ERI, 
2002: 11-12) At present the CDM mechanism is supposed to take effect from 2008 to 2012, 
which make it possible for electricity generation projects contributing to reaching our goal of 
                                                 
34 It is not necessarily CO2 emissions, which are targeted at CDM projects as reductions of emissions of all green 
house gasses (GHGs) give credits. However it is common to use the term carbon credits as other GHGs are equated 
to a CO2 value according to their relative impact on the green house effect. (ERI, 2002: 6) 
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 2.4% electricity from renewables in the Western Cape by 2012 to receive funding under the CDM 
mechanism. 
The main criteria for a project qualifying for CDM are the following (ERI, 2002: 13. Spalding-
Fecher, 2002b: 2-3): 
? The project has to meet the host country’s sustainable development measures. 
? Nuclear power projects and sinks are excluded but all other technologies can be used. 
? The GHG archived emission savings must be additional to a predicted development 
scenario to qualify for carbon credits. 
 
Grid-connected renewable based electricity generation projects, as the ones discussed throughout 
the report, are expected to be a safe option with regards to satisfying the requirements for CDM 
projects. (DANCED, 2001: 44)  It is also noteworthy that there does not have to be a participant 
from a developed country involved in a CDM project as the carbon credits can be sold at the 
international market for carbon after the implementation of the project. (ERI, 2002: 13) 
A CDM office has not yet been established in South Africa, which is a major barrier to the 
introduction of the mechanism, as approval of each project by the host country is necessary, 
because the project must aim at a desired development by the host country. (Spalding-Fecher, 
2002b: 9) It is, however, expected that South African investors in the near future will put 
pressure on the administration to take incentives towards establishing a CDM office, as it is 
essential to these investors that all CDM investments do not go to countries like Mexico, Brazil 
and India. 
In order to approve a CDM project it is necessary to define a baseline from which the emission 
savings can be calculated. The baseline is individual from project to project, but it will give 
significant administrative benefits if a multi-project baseline for CDM projects is developed. 
Generally speaking three alternative methods for developing a common baseline are currently 
being discussed in South Africa. The first method is to use a “recent plant” baseline, which relies 
on average emission levels from recently commissioned power plants. Only a single power 
station has been commissioned in the last ten years, which makes this method for estimation of 
baseline unsuitable for the South African baseline selection. (Winkler et al., 2001: 451) The 
second option is develop a “near future” baseline, where the next few additions to the capacity 
determines the baseline. This type of baseline can be used in a South African context but of 
course suffers from the uncertainty about the future development. The last main proposal, which 
is discussed as a possible multi-project baseline for CDM projects in South Africa is to use the 
emission level from the current electricity generation. The strength of this method is that it relies 
on actual emission levels, and estimates show that the difference between the current emission 
baseline and the near future baseline is only about 2%. (Spalding-Fecher, 2002b: 26) We find it 
convenient to use a baseline derived from the current emission level in South Africa, as too few 
power plants has been commissioned recently to use those as baseline and the future 
development in the electricity sector is highly uncertain. In that way we will use the current 
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emissions from Eskom’s power production as a baseline, which gives an estimated average 
emission of 850.6 kg CO2/MWh 
The price paid for CO2 is expected to be set at the international market for carbon and will be 
determined by the varieties of suppliers of projects and the interested credit buyers (DANCED, 
2001: 45). Currently the price of carbon credits is expected to be about 5 US$/ton CO2. (Thorne, 
28/1 2003. Nassiep, 6/2 2003) which gives an advantage for CDM projects for bringing down 
the price of electricity from the projects with about 3-4 c/kWh (See appendices B1 – B3). 
Considering that the mechanism will be approved it would lead to a price reduction for the 
projects at respectively 22.4-23.4 c/kWh from landfill gas projects, 33-34 c/kWh from wind 
power and solar power is expected to come down to 46-47 c/kWh, but these prices can still not 
compete with the electricity prices from the current South African coal-fired power plants. 
The CDM mechanism does not target projects in a specific development phase, as it is mainly a 
way to reduce GHG emissions, so it does not matter whether the project is in the pilot or the 
commercialised phase. That means that all three types of electricity generation projects discussed 
in this report, can expect to receive funding from the CDM as long as there are buyers from 
developed countries for the carbon credits.  
The Central Energy Fund 
The Central Energy Fund (CEF) is a state owned holding company that owns a significant part of 
the South African oil and gas industry. Among it’s subsidiaries are PetroSA, which owns and 
operates gas fields off the southern cost of South Africa and the world’s largest gas-to-liquids 
plant, The Strategic Fuel Fund Association (SFF), which trades crude oil on the world market 
and manages South Africa’s strategic oil reserves, The Petroleum Agency of South Africa, which 
promotes, markets and monitors oil and gas concessions on behalf of the South African 
government as well as monitors and negotiates licences for exploitation of the concessions and 
finally iGas, which has a state mandate to develop the South African hydrocarbon gas industry 
(MBendi, 2003).  
The role of the CEF is to participate in acquisition, exploration, generation, manufacture, 
marketing and distribution of all types of energy forms, and is also mandated by the South 
African state to engage in energy related research. It is clear that most of the CEF’s activities are 
centred on activities connected to the oil and gas sector, although it is claimed on CEF’s 
homepage that their future key focus areas will be aimed at contributing to access to energy for 
all, increasing the use of renewable energy and development of the gas market in southern Africa 
(MBendi, 2003). With increasing the use of renewable energy being a key focus area it should be 
possible to receive some kind of financial support from the CEF for the electricity generation 
project types discussed. It is however unclear how CEF receives funding for activities, how large 
the CEF’s budget is and even what kind of activities it supports.  
In 2000 the CEF group had a profit of R850 million after taxes and interest. CEF also receives a 
levy from petrol sales in South Africa. (DME, 2003)  
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 CEF is participating as a sub-ordinate equity in the Darling wind farm with a R17.8 million 
investment. (Danida, 2002: 7) CEF’s investment is, at least in theory, not a sunken cost compared 
to the alternative, an upfront investment subsidy provided by the South African state, would be. 
The shareholder agreement states that profit above 8% will be absorbed by CEF and in that way 
buy CEF out of the project. It is, however, highly unlikely that the profit will ever reach that 
level, and CEF will probably never get their investment back. (Danida, 2002: 13)  
With the knowledge of CEF’s financial support to the Darling wind farm it seems likely that the 
CEF could be used to provide funding for other electricity generation projects in the Western 
Cape, and CEF certainly has the financial possibilities to do so. On the other hand is it 
emphasised on CEF’s homepage that “CEF’s mission is to actively pursue economically viable 
opportunities in the oil, gas, coal and renewable resources.” (MBendi, 2003) This could pose a 
problem for projects in the initial development phases such as pilot and demonstration to receive 
funding unless CEF values and recognises the projects’ longer-term development perspectives. In 
the end it all comes down to being a question of what the politicians want to use CEF’s money 
for, but CEF sits on a large amount of money, which could potentially be used for investments in 
electricity generation capacity based on renewable resources. 
8.2.3 Summary on Project Financing 
There are a variety of financing options for the project types examined by this report. With 
regards to the risk derived from the fluctuations of the Rand is it important to find ways of 
financing projects so as to reduce the sensitivities to changes in the exchange rate. One way of 
reducing this risk is to concentrate on projects with the highest degree of locally produced 
components as well as obtain loans in Rand. For projects in the pilot and demonstration phases 
foreign aid combined with GEF and development bank funding as well as CDM and money 
from the CEF would be a possibility. All these types of funding, combined with the proper 
regulation, could initiate an enabling environment for electricity generation using renewables in 
the Western Cape. Foreign aid, CDM and GEF funding will in that way be used for financing of 
strategic important projects, which could push development in the desired direction. 
8.3 Summary 
The three project types vary greatly in investment and production costs, which affect the options 
for financing each project type. Wind projects are flexible with regards to their size and whether 
they are erected as a single turbine, in clusters or as part of a wind farm. This is an advantage for 
smaller investors entering the market for renewable energy production, as it gives opportunities 
to invest in small capacity projects. With regards to small scale projects, IPPs could play a role in 
financing the projects but as the Darling wind project exemplifies the projects in the pilot phase 
would probably need direct financial support in form of grants either through bilateral support 
(foreign aid) or through multilateral funds to overcome the existing economic barriers. Eskom 
has the economic resources to finance wind projects and has already shown interest in the field, 
but as already stated, Eskom is more interested in investing in the solar thermal electricity 
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production in order to develop the technology for a potential export market and to be in a 
situation to take advantage of CDM if the Kyoto Protocol is ratified. Due to the high investment 
costs attached to the solar projects it is likely that Eskom would be one of the few investors with 
the financial strength to invest in large-scale solar projects.  
The current market for renewables in the Western Cape is unclear, yet is most probably very 
limited. The Cape Town Metropolitan Council has entered into a power purchase agreement with 
the Darling wind farm. The hope is to sell the green electricity at market price and interested 
parties have been identified, but no contracts have been signed to purchase green electricity from 
CMC as yet. It has been said though that the main reason for entering into a PPA with Darling is 
due to the Global Wind Power Conference being held in Cape Town. Whether CMC would have 
entered into this agreement without the guaranteed income from the conference is unknown. In 
order to further renewables in the Western Cape it is essential to create a market in which they 
can function, or no or very few investments will be made in renewables. 
The international market for the sale of renewable technologies is, however, experience massive 
growth and has been doing so for a number of years. This lucrative market could be an incentive 
for investment into research and development of renewable technologies in South Africa, which 
could lead to social upliftment if a programme encouraging this is successful. It appears that solar 
thermal technologies would be the best suited for development in South Africa due to the 
resource base and the maturity of the technology.   
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 9 Barriers for Renewables in the Electricity 
Sector 
The three examined project types have been used to highlight the major stumbling blocks for 
developing power production based on renewable resources in the Western Cape. Incorporating 
business and industrial development perspectives connected to the investigated project types can 
reduce some of these barriers, but this industrial development is reliant on a regulatory 
framework that creates an enabling environment for investments in renewables. The barriers 
discussed in this section are directly derived from the project studies and are problems that 
hinder the further development of renewables in the Western Cape. 
9.1 Resource and Location 
There appears to be a degree of scepticism towards some renewable energy resources in South 
Africa due to their intermittent nature. In the Western Cape there are two distinct seasons with 
regards to wind (Haskins, 24/1 2003), as well as a daily wind pattern.35 This can lead to problems 
for wind energy producers, who cannot distribute their earnings over an entire year, but whose 
income becomes seasonal in nature. This can create problems with regards to expenditure, which 
will be more evenly spread throughout the year. The seasonal nature of electricity produced by 
wind turbines will also exclude the possibility of including wind energy in the base-power load of 
the region due to the intermittent nature of the resource (Crankshaw, 2002: 22). This has lead to 
the idea that wind energy can be used to ease peak-load periods (Nassiep, 6/2 2003), but this 
could also be problematic due to the largest peak demand being during the wintertime, whilst the 
windy season occurs in the summer months in the Western Cape (Smit, 18/2 2003). This 
removes the advantage of being able to sell electricity at the higher, peak prices, which further 
reduces the competitiveness of wind energy in the Western Cape in a liberalised market. The 
same problem also arises with solar energy, as a large proportion of the radiated energy in the 
Western Cape occurs during the summer months (Haskins, 24/1 2003), which again does not 
coincide with the most favourable prices being offered for electricity in the grid. In contrast to 
the intermittent nature of the above-mentioned resources the landfill gas project does not have 
the same variations over the day or the year. The output of gas is influenced by temperature, 
which means that the largest share of gas will be produced during the summer. 
Perhaps the greatest concern with regards to the intermittent nature of the renewable resources in 
the Western Cape is that it makes it very difficult for renewable generation capacity to replace 
conventional capacity, as a reliable backup is required to cover the peak periods during the winter 
months (Smit, 18/2 2003). This again puts renewable energy at a disadvantage, as some will 
                                                 
35 Riaan Smit, (18/2 2003), mentioned that the daily wind pattern at the Klipheuwel site indicated that the wind was 
more constant in the afternoon than in the morning, yet this greater wind speed coincided with periods of low 
demand. Smit did however point out that this was just an observation and that more data would have to be collected 
before these tendencies could be confirmed. 
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consider the renewable capacity to be an unnecessary investment due to the duplication of 
generation capacity.     
In order to create an enabling environment for renewable energy production it is important to 
address the problems that occur due to intermittent supply and the unfavourable spread of 
resources in relation to the load profiles of electricity use on both a daily and an annual basis. The 
creation of a regulatory system that somehow compensates renewable energy producers for the 
intermittent nature of electricity production is required to make renewable resources more 
attractive for electricity generation. 
9.2 High Capital and Generation Costs 
One of the greatest barriers for renewables in the Western Cape is the high capital cost involved 
in the instalment of capacity producing renewable electricity. This in turn leads to a much higher 
per kilowatt-hour price compared to current electricity prices. The fact that the current low prices 
are a result of past subsidies for the development of generating capacity leads to a distinctly 
lopsided electricity market, which does not encourage private investment in generation capacity. 
Currently the electricity price covers only production costs incurred by Eskom, as there are no 
outstanding loans on the installed generating capacity (Otto, 3/2 2003). This keeps the price of 
electricity low and excludes or inhibits investments by independent power producers wanting to 
enter the market. This will not be rectified until new capacity has to be built by Eskom to replace 
the existing, ageing power plants. When this will happen is a subject of debate, but estimates are 
as earlier mentioned that, in order to meet growing demand, new capacity will be required by 
2007 or 2008 (Nassiep, 6/2 2003). According to André Otto (3/2 2003), the government will not 
allow subsidies for new investments in generation capacity, but even though this will increase the 
price of electricity36 in the future it is still unlikely that renewable technologies will be able to 
compete with conventional technologies with regards to production price in a liberalised market. 
The government has made it clear that it has no interest in offering any form of open-ended 
subsidies, but will, however, consider once-off subsidies to assist in reducing the high capital 
costs of installing renewable electricity generating capacity in order to make renewables more 
competitive in a liberalised market (Otto, 3/2 2003). 
In order to create an enabling environment for renewable energy it will be necessary to create a 
favourable economic climate for investors in South Africa so as to level the playing field between 
electricity from renewable resources and conventional technologies. The price gap can be 
reduced over time if the development of a renewable energy industry is successful, but initiatives 
that reduce the price gap, are essential in order to promote the industrial development itself. 
                                                 
36 Nassiep, (6/2 2003), believes that new conventional coal-fired power plants with a size of about 1000 MW will be 
able to produce electricity at a price of between 18 and 20 c/kWh at the cheapest without scrubbers and filters. 
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 9.3 Financing of the Projects 
Though ways to cover the higher generation costs may be found, another barrier to the 
renewable resource-based electricity projects is the uncertainty of the investment, which makes 
financing of the projects complicated. More stable market conditions are required in order to 
attract investors, as it may be a difficult task to raise capital for the projects even if they are 
economically feasible. The main reasons for this are that the owners of the projects have to find 
customers willing to buy the electricity from renewable resources at the actual generation cost 
and the general uncertainty about the political climate surrounding renewable energy issues. 
These all contribute to making the investment risky for potential investors, which is why 
conditions are not conducive for financing of projects on a commercialised basis. Since the long-
term target is to create an environment where commercialised projects are possible, it cannot be 
considered satisfactory that foreign aid funding is the only financing, which makes the projects 
economically viable. One has to consider how the framework for market-based financing can be 
established, which requires some sort of subsidies or regulation.  
9.4 Power Purchase Agreements 
In the existing regulatory framework it is required of IPPs to find their own customers who will 
enter into a power purchase agreement (PPA), and sell their electricity as a separate entity on the 
grid. This is a barrier for the introduction of renewables as the cost of green electricity is so much 
higher than conventional electricity supplied by Eskom. On the other hand this regulation does 
not apply for Eskom. Eskom’s existing power stations do not individually have to market and 
price their electricity. In other words Eskom is allowed to cross-subsidise its less profitable power 
stations using income from other sources. This, in effect, creates market conditions that favour 
Eskom by allowing them to aggregate their costs by feeding all electricity into the transmission 
net and then determining the cost of the product. This practise clearly impedes potential 
investors in power generation using renewable resources as well as private investments in 
conventional power generation facilities. Requiring a PPA from a power generator using 
renewable resources without assisting in creating a market for green electricity by insisting that 
industry or distributors purchase a certain amount of electricity produced using renewable 
resources will delay the implementation of renewables until the price is competitive with 
electricity produced using coal-fired power plants.  
Another problem is that the NER has a preference for short term PPA, generally no longer than 
five years, which hinders investment in renewables, as long-term contracts are essential for 
investors to secure funding for the high capital costs involved in renewable electricity projects 
(Martens et al., 2001: 37). This reluctance by the regulator to approve long-term PPAs is based 
upon a fear of reducing competition in the future if large consumers have entered into long-term 
contracts, thereby reducing the incentive for new players to enter the market. With lifetimes for 
the most renewable energy projects far exceeding 5 years, the current regulation from NER is a 
major barrier for the projects. 
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Having discussed the barriers for creating an enabling environment for renewables, viz. power 
purchase agreements, project financing and high capital costs, the following chapter will consider 
the regulatory instruments that can be used to promote the introduction of renewables in the 
electricity sector. 
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 10 Regulatory Instruments 
In order to address the barriers for power production using renewable resources various 
regulatory tools will be discussed in order to determine which instruments can successfully 
overcome the barriers faced by electricity produced using renewable resources summarised in the 
previous chapter.  
10.1 Production Subsidies 
For the renewable technologies currently not competitive on a free electricity market subsidies 
can be considered for making projects economic viable. One way of imposing this is to subsidise 
each kWh produced with a certain amount of money. The measure has been widely used in the 
promotion of renewable energy in Europe, often in combination with other means such as a set-
aside or feed-in programme. The advantages of such subsidies are that they ensure a fair price for 
each unit of electricity from renewable resources regardless of the time of production. In our case 
renewable energy projects such as wind and solar would doubtless benefit from production 
related subsidies, as we have seen the problems for these technologies in producing power in the 
periods where the electricity prices are high, which are the only periods where generation costs 
can be covered by market conditions.  
The advantages of production subsidies are that they are easy to implement and they encourage 
production of renewable energy. On the other hand production subsidies do not help in 
overcoming the high initial capital costs and they have potential for creating an industry reliant on 
subsidies, which can cause problems if it is decided a later stage to repeal the subsidy. 
(DANCED, 2001: 141) Furthermore the expenditures for subsidising the production are difficult 
to control and the spending is connected to the entire lifetime of a project, which can make the 
expenses relatively high. It can also be difficult to budget for the amount used on subsidies due 
to varying productivity from year to year.  
10.2 Capital Cost Subsidies  
Another way of subsidising is to provide funding for the construction of renewable energy 
facilities. There can be problems with supporting investment instead of production, as this does 
not encourage the plant owner to invest in maintenance or similar expenses. This is, however, a 
constraint, which can be overcome by giving the subsidy as a tax-reduction, exempting renewable 
technologies from VAT or by giving tax holidays to producers. Regardless of the payment 
method for subsidising it is worthwhile remembering that more production will reduce the 
average generation cost per kWh, hence increasing the profit for the plant owner. So whether a 
subsidy is imposed on investment or production, it is still most economically beneficial to 
produce as much power as possible. At the same time giving a subsidy to the initial costs of a 
project, whether this is given as a direct support or through tax-reduction, can be supportive to 
the industry developing a technology. 
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Introducing a subsidy on capital costs to renewable energy facilities will most likely give better 
opportunities for IPPs to enter the market.  
When comparing the two types of subsidies described above experience has shown that it is 
often easier to implement production subsidies because of the hidden nature of such a subsidy. 
On the other hand subsidy on production costs is expected to be more expensive and more 
difficult to control than supporting the capital costs of a project because the subsidies must be 
given during the entire lifetime of a project where as capital cost subsidies are a once-off 
payment. Given the high capital costs for renewable energy technologies it would be 
recommended that subsidies must cover these expenses and in that way the production costs of 
electricity would also reflect this cost reduction. These thoughts also reflect the on going 
discussion in South Africa where there is, in general, little support for production subsidies as a 
sustainable financial solution. The DME will under no circumstances support production 
subsidies, as they believe the free market should deal with the pricing. (Otto, 4/2 2003) The 
DME intends to instigate an initiative for reducing the capital costs for renewable energy 
projects. (Otto, 4/2 2003) The actual content of these plans remain vague and it is difficult to 
ascertain what the result will be, but since DME do not favour direct subsidies it is most likely 
that the support of capital investments could stem from tax-rebates.      
10.3 Accelerated Depreciation 
Accelerated depreciation on investments in capital equipment in the first year of operation 
provides a tax incentive for those investing in projects producing electricity from renewable 
resources. This gives companies investing in renewable energy projects a tax rebate on taxable 
income from other sources for the financial year in which the investment in renewables is made. 
The amount of depreciation allowed is important for the success of such a system. If 100% 
depreciation within the first year of operation is allowed this will probably stimulate a flurry of 
investments from large corporations as occurred in India (Mallet, 2001: 18). Even though this is 
desirable, the sustainability of such a system must be considered. Much the same as feed-in 
subsidies created an initial boom in electricity production from renewable resources, many 
governments are moving away from this system due to the high costs involved. The same could 
happen with 100% accelerated depreciation as the state, even though not spending money is 
nonetheless collecting less in taxes. Staggering depreciation over three to five years may be a 
more viable option, but will also reduce the appeal of investing in renewable energy projects. 
Accelerated depreciation as a tool to promote electricity production using renewable resources 
can be problematic in that it may exclude smaller investors. The large capital costs involved in 
establishing projects of this nature requires the promoters of the technology to absorb the tax 
benefits, which restricts the number of potential investors to companies with large turnover and 
profit (Mallet, 2001: 23). A co-operative system should be allowed so as to encourage smaller 
investors to play a role in the process of establishing a renewable energy market. This would 
allow individuals as well as local communities to invest in these projects so as to aid in local 
development. In the case of wind turbines, the government could establish co-operative wind 
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 turbines parks whereby wind turbines or clusters of wind turbines can be individually owned and 
operated as separate financial units, yet still be erected as a single, large wind turbines park so as 
to give the advantages of economy of scale. 
10.4 Green Taxes 
In order to level the playing field between renewable and conventional generating technologies 
green taxes can be imposed. The taxes could for instance be imposed on emissions of particles 
and/or SO2 and/or NOx hereby including the externalities the power production causes in the 
environment in the electricity price. A carbon emission tax has been used as an effective 
regulatory instrument in several countries, but as South Africa does not have international 
obligations regarding carbon emissions it is unlikely that such a tax will be supported politically. 
If a carbon tax is not deemed feasible the three other tax options can be considered. As wind and 
solar power have zero emissions a tax on either of the emissions benefits these technologies, 
while the measure will not necessarily be effective in promoting fuel-based renewable energy 
resources, such biomass and landfill gas. Electricity generation from these resources will still 
cause emissions, though less than coal, but if the aim is not only carbon emission reduction, such 
taxes will be effective in addressing the problem. Taxes will help to focus on the problems of 
pollution and a tax on SO2 will not hit biomass energy nearly as hard as coal. If green taxes are 
imposed on other emissions than CO2 the question is if the taxes will promote renewable energy 
or rather cleaner coal production. The latter seems most likely, which should not be discarded if 
resulting in environmental benefits. This means that taxation does not seem to be the most 
effective measure for promoting renewable energy in the South African energy system. 
Furthermore with access to cheap electricity being one of the pillars on which the government’s 
priority of economic and social development is built, it would be highly unlikely that green taxes 
would be imposed on the production of electricity based on fossil fuels. Dramatic increases in the 
price of electricity due to taxation would potentially contribute to restricting poor peoples’ access 
to electricity. It would be recommended that the regulatory tools introduced in the country 
search to reduce the high prices of electricity generated from renewables rather than to let the 
existing electricity price increase.   
10.5 Green Certificates  
Green certificates have been introduced in several European countries to ensure the 
development of renewable energy in a liberalised electricity market. The green pricing system 
works under market conditions for an established green certificates market. The producer of 
green electricity sells the certificates to consumers on a market separate from the physical market 
for electricity whereas the electricity is traded at the same market as conventional electricity at the 
same price.  
The main criteria for establishing a green certificate market are to create an open market for 
electricity by securing that;  
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? Electricity sector must be fully open for competition. 
? All electricity utilities must have access to the transmission system. 
? Distributors must have free access to electricity suppliers. 
? Customers must have free choice of electricity suppliers. 
? System for securing the sustainability of the renewable electricity suppliers must be 
implemented. 
(DANCED, 2001: 145)  
 
The advantages of the system are that all additional costs for generating green electricity are paid 
through the certificate system. The system could either impose on the distributors or consumers 
to purchase a minimum share of green certificates of the total electricity consumed or be 
established as an open offer to the customers wanting to support renewable energy. The 
disadvantages of letting supportive customers pay the difference between conventional and 
renewable electricity is the underlining of the idea that renewable energy is expensive and needs 
support as well as it does not aim to decrease the costs of renewable electricity. The market for 
green certificates buyers is according to, among others, Harald Winkler, EDRC and Gordon 
Munro, Cape Town Electricity Department expected to be small in South Africa and the success 
of this system would therefore most likely depend on obligations to the distributors or the 
consumers to purchase a share of green certificates. 
10.6 Obligations  
Another regulatory instrument that can be introduced is to give obligations either to the 
distributors or to the producers of electricity generated from renewables. The obligations can be 
used to fulfil a goal set for the use of renewables in the electricity production, but requires the 
implementation of a fine system to ensure that the obligations are fulfilled. 
One approach to the obligation system is to let the producers be responsible for the obligations 
in relation to producing a certain amount of electricity generated from renewables of the total 
electricity produced. The obligation could be a hindrance to IPPs because of competition from 
large producers such as Eskom being financially stronger and therefore able to fulfil larger quotas 
of renewables. In that sense this mechanism is most likely to be used in monopolistic systems 
where the state utility is obliged to fulfil the goal. The lack of obligations in the current situation 
in South Africa is one of the reasons why Eskom does not give more attention to the field of 
promoting renewable energy. (Smit, 18/2 2003)  
Another option is to put the purchase obligation on the distributor instead of giving the 
obligations to the electricity producers. The advantages of this could be that a “real” market for 
renewable energy in the electricity sector could probably be created, hence giving better 
possibilities for IPPs using renewable resources to enter the market. A disadvantage of a 
distributor obligation could, on the other hand, be that the economic performance of electricity 
distributors in the current system varies a great deal which might negatively affect the poorer 
distribution companies. The system can therefore only be implemented when the new REDs are 
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 established, and at that time the economic consequences for the REDs must be investigated in 
order to secure equality for consumers regardless of geographic positioning.  
The distributor approach used in countries such as Denmark is developed in combination with 
giving priority to electricity generated from renewable resources. At the time renewable electricity 
is generated it has first priority and has to be purchased by the distributors at a set price. In the 
Danish system the state is to a large extent covering the additional costs through direct subsidies. 
Since it is unlikely that direct subsidies will be introduced in South Africa (Otto, 3/2 2003) the 
distributors will have to cover the additional expenses of the electricity from renewables in the 
proximity of their supply area. This can create a system with large geographical inequalities and in 
the end raise electricity prices for the consumers in areas with good renewable resource potential. 
In a South African perspective it would be reasonable that obligations were put on the 
distributors to purchase the electricity generated from renewables in order to fulfil the goal set 
for the use of renewables because of the structure in the electricity sector and the government’s 
wish to promote IPPs in the sector which will not be the case if they were obliged to base a 
certain amount of the electricity produced on renewables. If the plan for the promotion of 
renewable energy relies on a measured goal it would be likely that the system recommended 
would oblige the distributors to purchase a certain amount of electricity from renewables. In 
order to promote expensive solutions that are expected to have a long-term development 
prospective, such as solar thermal electricity, the amount that must be purchased could be 
divided up according to technologies.  
10.7 Set-asides 
The set-aside initiative is a block of electricity supply that is reserved for renewable electricity 
generation. A tendering system selects the most viable offers according to economic efficiency. 
The system is similar to the United Kingdom Non Fossil Fuel Obligation (NFFO) established to 
enforce distribution companies to buy electricity from non-fossil resources. Though the 
motivation for the NFFO was different from the South African situation the result of using 
NFFO was to help renewable technologies to be competitive within the electricity production 
market (Schäffler, 2001: 45).  
As with the NFFO system, the set-aside program includes obligations to the distributors or the 
customers for purchasing the produced renewable electricity. In order to maximise the renewable 
energy production the tendering system should include all technologies for utilising renewable 
resources to obtain the most economically viable projects. In the case of South Africa this 
bidding system will provide the best possibilities for biomass projects in the northern and eastern 
parts of the country. A variation that is used in the United Kingdom to provide the promotion of 
various technology initiatives is to divide the set-aside amount into different renewable 
technology types. This creates the possibilities for a diversified technology mix while the 
competitiveness among the electricity suppliers is maintained. The disadvantage of this model is 
that it will result in a more expensive electricity prices for the end users than the open bidding 
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system would provide. The problem that has occurred in the UK in connection with the use of 
the set-aside system is that changes in the regulation have affected the choice of technologies 
supported. This has lead to problems in developing a certain type of technology.    
As the technologies chosen in this project show there are large price variations within the 
different possibilities and for that reason it could be reasonable to consider a set-aside program, 
which promotes different technologies. This could support expensive solutions allowing for the 
development of technology where possible. On the other hand South Africa currently has only a 
few established renewable energy projects and deciding which technologies should be promoted 
could hinder the promotion of other options.  
The set-aside and tender system does have the advantage of allowing for the quick 
implementation of renewable energy projects in order to achieve a goal, but can infringe on the 
creation of a free market with renewables competing against each other as conventional 
producers do in a liberalised electricity sector. Tendering allows the state more control over 
which projects receive state subsidies, as only those winning a tender will receive financial 
support. This does, however, restrict the development of a free market for renewables, as the 
green electricity sector will be controlled by national government and not by market forces. 
Distributors can use tendering, however, to secure a supply of green electricity in order to fulfil 
their quota if obligations to distributors are used in conjunction with a bidding system. This gives 
the opportunity for technology paths to be followed by setting tenders according to technology 
as well as reducing the risk of state subsidies being used on projects that do not have the 
economic potential for success.     
10.8 Wheeling and Banking of Electricity 
The wheeling system allows for producers of electricity using renewable resources to draw an 
equivalent amount of electricity out of the transmission network as is produced by their 
generating capacity without having to pay a wheeling fee to the transmission company. The 
advantage of this system is that it allows for industry investing in renewables to choose the 
optimal site for their investment without incurring extra costs in the form of transmission and 
distribution fees if the project is not adjacent to the utility using the produced electricity. This 
system has met with great success in India and it can be used to overcome geographical 
hindrances by allowing distributors and industries situated in areas with low resource potential to 
invest in projects in other areas of the country without having to pay for additional transmission 
fees.   
The banking of electricity produced using renewable resources can improve the competitiveness 
of renewables. Electricity can be banked with the electricity regulator for up to six months so as 
to be used during peak periods when prices are more favourable (Hossain, 2002: 1). The banking 
system exists only on paper as a payment agreement. The advantage of this system is that it 
allows for a free market system within the electricity sector yet compensates renewables for their 
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 intermittent nature of production as well as their higher production costs and it allows producers 
of green electricity to spread their income more evenly throughout the year. 
In order for banking to be effective a spot market for the sale of electricity is required. Such a 
market does not exist in South Africa at present, yet the initial steps towards the creation of a 
spot market for electricity in the southern African region have been taken. The formation of the 
Southern African Power Pool has the express intention of establishing such a market in Harare, 
Zimbabwe, which will service the entire southern African region. 
10.9 Summary 
Having discussed various regulatory instruments viz. production subsidies, capital cost subsidies, 
accelerated depreciation, green taxes, green certificates, set-asides, obligations and wheeling and 
banking of electricity, we will discuss a series of recommendations in the next chapter aiming at 
promoting electricity generated through the use of renewable resources in the Western Cape.  
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11 Recommendations for Overcoming 
Barriers and their Potential Effects 
In order to overcome the existing barriers for the introduction of electricity generated from 
renewables and to establish an enabling environment for the creation of a commercial market for 
electricity generated from renewable resources in the Western Cape a combination of the various 
regulatory tools discussed in the previous chapter could be utilised in the regulatory and 
legislative frameworks. The aim of this chapter is not only to discuss how to promote the use of 
renewables in the electricity sector but also how to increase the market share for electricity 
generated from renewables in the long-term. When determining the regulatory mechanisms used 
to promote the introduction of renewables in the Western Cape, the strategic objectives in 
chapter one have to be considered in order to focus on the role renewables must play in the 
province. 
11.1 Review of Strategic Objectives 
Having considered the potential for the use of renewables in the Western Cape through a 
project-orientated approach, the strategic objectives mentioned in chapter one will be considered 
in order to determine how the projects can play a role in fulfilling these objectives.  
Unemployment has risen from 16 percent in 1995 to 30 percent in 2001, which has made job 
creation a priority for the South African government (IRIN, 2002: 1). Even though all the 
projects mentioned will create employment opportunities it is in the manufacture of renewable 
technologies where the majority of jobs lie. It is therefore important to encourage the 
development of a local industry in order to achieve maximum employment opportunities and 
social benefits from the implementation of renewables. Having considered the various 
technologies available as well as the available resources it would appear that solar thermal 
technology is the most likely to offer the best possibilities for local development and investment. 
The level of maturity solar thermal technology has reached still allows for much innovation and 
improvement, especially in upsizing central receiver technology to power plants above 10 MW in 
size. Solar resources in South Africa are very good, which makes the country an excellent testing 
ground for the development of solar thermal technologies. If the technology can successfully be 
developed in South Africa this could lead to an international demand, which in turn would 
further employment opportunities. In order to achieve the objective of social upliftment and job 
creation, the development of solar thermal technologies will be given priority in the creation of 
an enabling environment for renewables. Regulation of renewables in the electricity sector should 
encourage the construction of solar pilot and demonstration projects despite the higher costs 
involved compared to other renewable technologies. This will give investors the opportunity to 
improve and develop solar technologies locally instead of relying on imported renewable 
technologies. 
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 The need for black economic empowerment is a burning issue in South Africa. The apartheid 
system created a concentration of wealth in the white minority37, which has to be addressed. 
Even though an improvement in the situation has occurred since the early 90’s wealth is still 
unevenly distributed in South Africa. Renewables offer an opportunity for black empowerment 
groups to invest in the electricity sector, either through black-owned financial houses or through 
cooperatives. Projects such as landfill gas could include those that currently make a living by 
scavenging off landfills, either by offering them jobs in the project or by giving them a share in 
the project. Wind turbines are often erected by co-operatives in other countries and this is a 
possibility in South Africa if the state could provide guarantees for loans by local communities 
interested in investing in wind turbines. This could be done in conjunction with the 
establishment of public wind farms, whereby government proclaims areas where wind farms are 
to be established and allows access for individual or cooperative investors to erect their wind 
turbines. Each turbine or cluster of turbines is financially independent of each other yet the 
overheads are reduced for each turbine, as only a single connection is required for the entire wind 
farm to the transmission grid. This would assist small investors and cooperatives to enter the 
market, and may encourage black empowerment through this.  
The electrification programme is of great importance for improving the living standards of many 
South Africans, especially in the rural areas. The introduction of renewables should not encroach 
on nor compete for funds to be used in the electrification programme. The introduction of 
renewables will most probably lead to an increase in electricity prices for the consumer. Due to 
poverty many South Africans will not be able to absorb the additional costs and electricity may 
no longer be available to them for economic reasons. In order to avoid this occurring it is 
necessary to consider how the cost of introducing renewables can be spread over the customer 
base, the electricity sector and the state without pricing the poor out of the market. In devising a 
strategy for the introduction of renewables the fate of the poor will have to be taken into 
consideration. The additional costs of renewables and how this will influence the poor is a 
common argument against the introduction of renewables in South Africa. It is therefore 
important to consider this in the strategy devised in order to convince decision makers that 
renewables will not lead to dramatic increases in electricity prices for the poor. 
In order to indicate that renewables are a viable option in South Africa it is important that the 
strategy devised to promote the introduction of electricity from renewable resources in the 
Western Cape is compatible with the proposed restructuring of the electricity sector. The 
framework in which renewables are to be introduced will most probably be market based. Even 
though special status will have to be afforded to renewables in order to compete with 
conventional electricity production, efforts must be made to ensure that investors in renewables 
have market incentives to reduce their overheads and produce electricity as cheaply as possible. 
Even though this is the case some technologies have already reached a stage of development, 
                                                 
37 The country had the highest inequality in wealth distribution in the world – 20 per cent of the population owning 
75% of the wealth (Brittain, 1998: 2). 
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which makes them cheaper than others. If it is the wish of government to promote a technology 
for development purposes then a degree of protection for it will be necessary if it is not cost 
competitive with other available technologies. This additional cost should be weighed up with the 
potential economic gains involved in developing the technology. 
Taking the strategic aims into consideration recommendations can be made in order to create an 
enabling environment for the introduction of renewables into the electricity market in the 
Western Cape.   
11.2 Recommendations 
When considering which regulatory instruments to use to support this development, we have 
taken the political and economic situation in the Western Cape into consideration in the form of 
our strategic objectives as well as the barriers discussed in chapter 3. The combination of the high 
cost of renewable electricity and the widespread poverty in the province requires an approach 
that takes the limited economic resources of both the government and a large part of the final 
consumers into consideration. This has lead to four recommendations to be implemented in 
order to create an enabling environment for electricity produced using renewable resources: 
? Tax rebates as well as subsidies for solar thermal technology 
? Obligations to distributors 
? Environmental labelling 
? Wheeling and banking of electricity produced using renewable resources 
 
These recommendations will be discussed in this chapter considering the time frame of each 
initiative, as well as the potential benefits and the problems that may arise due to their 
implementation.  
11.3 Tax Rebates 
In order to overcome the high capital and production costs connected to the suggested projects 
we recommend the introduction of financial support in the initial phase of a project. The lack of 
financial resources will most likely rule out the possibility for the general direct support through 
subsidies, even though the DME mentioned the possibility for subsidies to reduce capital costs, it 
appears unlikely that such funds would be made available until the electrification process is 
complete (Danida, 2002: 11).  
In order for the government to show its support for the introduction of renewables into the 
electricity sector two types of tax incentives for investors should be introduced. Government 
could create an enabling environment for investment in renewable energy in the Western Cape by 
introduce the following measures: 
? VAT exemption for investments in renewable energy technologies. 
? Five-year tax holiday on income from sale of electricity produced using renewable 
resources. 
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 The argument for tax exemptions is that it seems likely that this approach will be more politically 
acceptable than providing direct subsidies, yet still gives some of the same advantages. 
Exemptions from VAT on investments in generation facilities will reduce the capital costs 
involved in electricity production from renewable resources, but probably not to the degree that 
will make them competitive with conventional forms of electricity production. A bureaucratic 
structure, however, will still be required to manage and regulate the exemptions applied for. This, 
in itself, is an additional financial burden that has to be funded by government or by the industry 
itself, though it is much less expensive than providing direct subsidies. It is recommended that 
the introduction of VAT exemptions is implemented and that providing extra subsidies to 
support the high capital costs must be considered if further economical support is needed. 
The five-year tax holiday for revenues earned through the sale of electricity produced using 
renewable resources is intended to assist investors pay the initial debt incurred by the project, but 
can also be used as a production incentive if it is linked to efficiency and productivity. Though we 
do not recommend direct production subsidies due the of the expenses of this initiative, the tax 
holiday during a limited time period can contribute to promote efficiency during the production 
period. The limited time frame eases allows for more control over financial expenses.    
In order to promote the solar thermal technologies, despite the high capital costs, a 
supplementary subsidy above the tax reduction must be given to these initiatives. This could be 
given through a direct subsidy on the capital costs. This could make solar technologies 
competitive compared to other renewable energy technologies.      
The effect of the tax-rebates is the creation an artificial market for electricity generated from 
renewables, and can be used as a short-term mechanism for overcoming the barrier of high 
capital and generation costs but the phasing out of the support must be considered in the long 
run when competition in the market is developed. The primary drive for developing the 
electricity sector based on renewables will, as we have suggested, rely on financial support but 
other initiatives are recommended along with the initial support to reduce the remaining 
economic gap between conventional and renewable electricity production. The following 
recommendations will create the enabling environment for renewable energy projects and serves 
to overcome the barriers related to production and production periods as well as the problems of 
establishing a market for the electricity generated from renewables.  
11.4 Purchasing Obligation to Distributors 
Considering the current regulatory framework which requires IPPs to find their own customers 
for the electricity produced, and the disadvantages this creates in establishing an enabling 
environment for new investors in the field of electricity produced from renewables it is 
recommended that distributors be obliged to purchase 2.4% of their electricity from renewable 
resources. A quota system for distributors will create a market for renewables as well as a market 
amongst renewable electricity producers if implemented along the lines of a free market system. 
A system that works under the framework of having a goal for the use of electricity generated 
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from renewables is recommended so as to promote further development in the field. The quota 
should only apply to electricity bought by distributors and not to the production of green 
electricity so as not to hinder new actors in the field of electricity production. This should lead to 
different producers competing against each other to produce the most stable supply of electricity 
at the most favourable prices. This will create a market for electricity produced using renewable 
resources, though it will be a captive market. The regulator should apply strict price control on 
the producers of electricity using renewable resources until a free market is established between 
producers. This involves free choice for the distributors to choose their suppliers within their 
quotas. This should lead to lower costs for the customer.  
The regulator should allow the distributors to aggregate the additional costs over their entire 
customer base. It would, however, be advisable that a sliding scale be devised so as to ensure that 
the slight increase in electricity price, which will be the result of such a policy, does not put 
electricity out of reach of the poor. The system used by the Cape Town Metropolitan Council 
(CMC) to supply twenty free units of electricity to all customers could be adapted and applied to 
the funding of the additional costs incurred by distributors. The system used by the CMC is 
intrinsically flawed in that it provides free electricity across the customer base, yet the increase in 
the electricity price is also spread across the customer base. This has lead to an increase in the 
unit price for electricity above the free 20 units, which has a negative influence on the poor’s 
access to electricity. The system would be cheaper and fairer if only the poor received the free 
units whilst the wealthier part of the population covered the costs through a system of cross 
subsidising. Electricity distributors have established precedence in the Constitutional Court of 
South Africa for tariff differentiation between customers (De Visser, 1999: 1). Pretoria 
municipality charges a flat rate for all pre-paid installations, whilst charging a higher rate for 
metered clients38. Distributors, in determining which customers should bear the additional costs 
of renewables, could use this distinction when setting tariffs so as not to impact on the poorest 
part of the population.  
The restructuring of the electricity system in South Africa, especially with regards to the 
introduction of REDs, is recommended in order to establish the possibilities for the introduction 
of distributor obligations in relations to purchasing electricity from renewables. The argument is 
that the highly indebted distribution companies cannot afford the additional expenses connected 
to the price increase from purchasing the more expensive electricity.   
The government’s wish, that the electricity industry (generation, transmission and distribution) 
must move towards cost-reflective tariffs, will most likely lead to price increases for most 
customers (Clark, 2001: 6). This allows for a price increase amongst metered domestic and 
industrial customers in the Western Cape to accommodate the higher prices for electricity 
generated by renewable resources.  
                                                 
38 All new connections in poor areas are installed as pre-paid systems. Generally the wealthier areas have meters in 
South Africa. 
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 The implementation of obligations to distributors for purchasing an amount of electricity 
generated from renewables promotes a secure market for the power produced which helps 
overcome the existing need for long term power purchase agreement. At the same time the 
system minimises the risk for power producers as electricity can be sold at the time of 
production. This protected market has no technological preferences, but if a set-aside and 
bidding system could be considered in the obligation to promote solar power despite the higher 
electricity price. This bidding system would only be used to increase the use of solar yet still 
ensuring that the more cost effective and reliable options are encouraged in order to maximise 
the gains from state subsidies for solar thermal technologies. This will give the government some 
control over the issuing of subsidies as well as the development of solar technologies without 
hindering the development of a free market within the renewables sector.    
11.5 Environmental Labelling 
In order to promote the use of renewables over and above the distributors target, the 
government should establish a system of environmental labelling for industry. The system should 
insist that only electricity bought through a PPA between the producer and the industrial facility 
be deemed green and stipulate the percentage of end-use consumption required to be labelled 
green. This will prevent industry claiming to be green due to them purchasing from a local 
distributor with the required quota of renewable electricity and may encourage industry to invest 
in their own renewable electricity projects so as to fulfil the required quota to achieve an 
environmental label. Industries doing this should also benefit from other incentives such as 
wheeling and accelerated depreciation.  
11.6 Wheeling and Banking Electricity Produced from 
Renewable Resources 
In order to overcome the barriers regarding the intermittent nature of many renewable resources 
especially with regards to wind and solar resources, as well as higher production costs a system 
that allows producers of electricity using renewable resources to bank the electricity produced 
would be advantageous in respect to obtaining the best possible price for the electricity as well as 
spreading income over the year instead of having large seasonal variations. Wheeling also allows 
renewable energy projects to be situated in the most favourable areas without economically 
punishing those consumers living in areas with low potentials by charging them additional 
transmission costs. Wheeling can also protect those living areas with good resources from 
bearing the greatest burden of paying for renewables. This has occurred in Germany where areas 
with a large amount of renewables in their energy mix pay much higher prices for their electricity 
than in areas with low amounts of green energy.  
It is recommended that a spot market for the sale of electricity be established in order to make 
the banking system more effective. Even if a spot market is not established the higher prices paid 
for electricity during peak consumption will still be available to producers of electricity from 
renewable resources.   
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Both wheeling and banking will cause transmission fees to increase for the producers of 
conventional electricity, as the additional costs of wheeling and banking will have to be covered 
by the transmission company. In this way the conventional electricity producers are obliged to 
bare the expenses. The increase in transmission fees should not be excessive in the Western Cape 
due to the low volumes of electricity produced using renewable resources, as well as the fact that 
renewables will be situated within the region instead of being transmitted from the north of the 
country as is the case with most of the conventional electricity utilised in the province.  
The introduction of the wheeling and banking system is considered to have long term effects for 
the promotion of electricity based on renewable resources and can contribute to the creation of a 
market based system for the generation sector. This, in combination with the other initiatives, can 
create an industry in relation to develop the technologies.  
Wheeling works hand in hand with tax rebates in encouraging industry to invest in and utilise 
electricity produced using renewable resources. And the system helps overcome the barrier of 
variation in resources, which is reflected in variations in income over the year. The wheeling and 
banking system can ensure that income is evenly spread over the year and creates, in combination 
with the introduction of the SAPP, the possibility for the producers to sell the electricity at the 
time when prices are favourable.  
Wheeling could, however, lead to projects involving renewables being concentrated in a limited 
number of areas, such as KwaZulu-Natal where biomass potential is good and the Northern 
Cape where solar potential is high. The distributors would still be able to fulfil their quotas by 
wheeling electricity in from other regions. Whether wheeling will lead to more renewable capacity 
being constructed in the Western Cape or less is unknown. 
11.7 Summary 
As the above mentioned initiatives indicate we suggest the introduction and promotion of 
electricity generated by renewable resources to be based on market related regulation mechanisms 
in order to minimise the expenses for government and the consumer and hence creating the best 
circumstances for developing our strategy for implementation of electricity generated from the 
use of renewables in the Western Cape . 
Tax rebates are considered to foster the development and contribute to lowering the high capital 
costs, which will lower generation costs. The VAT exemptions reduce the capital costs whereas 
the tax holiday helps to bring down the high production costs of the electricity, which reduces 
the price gap to conventional electricity.  
The purchasing obligation to distributors creates a stable market for electricity produced from 
renewables as well as securing the producers the ability to sell the generated electricity, which 
helps the existing need for long-term power purchase agreement. The quota system also 
introduces competition between the producers and hence contributes to lowering the production 
costs. When developing a set goal for the use of electricity generated from renewables the quota 
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 system can contribute to achieving the goal given that the legislation also contains a system of 
fines for not fulfilling the quota. In the Western Cape the system requires changes in the current 
distribution structure and the establishment of REDs. The system, which requires the customers 
to cover the additional costs, must be introduced so as to differentiate the costs according to 
income to avoid additional expenses to the low-income groups.   
Environmental labelling could provide incentives for industry to enter into power purchase 
agreements with producers using renewables or invest in their own production facilities. This 
measure would especially be aimed at manufacturers producing for the export market where 
customers are generally more environmentally aware than in South Africa. This would require 
getting international approval of the label and encouraging purchasers of South African goods to 
encourage their suppliers to achieve this label.  
Recommending the wheeling and banking of electricity produced using renewable resources as a 
regulatory tool can overcome the intermittent nature of renewable resources and in that sense 
even out the variations in income over the year. The wheeling and banking system gives 
advantages to the producers of electricity from renewables as it places the extra costs on the 
conventional electricity producers. This possibility can create better conditions for electricity 
projects based on renewable resources as well as reducing the gap between renewable and 
conventional electricity price.   
The barrier regarding the financing of the projects as discussed in chapter 8 and the uncertainties 
of investments in renewable energy projects could be expected to decrease along with the 
implementation of the recommended initiatives discussed above. The expected interest in 
renewable energy, which is intended to stem from a stronger regulation and more stable 
conditions for electricity generated from renewables could create an interest for new investors in 
the field.  
Thus it can be expected that the financing possibilities can be developed through the creation of 
the market for renewables, favourable financing mechanisms for these project types can provide 
the establishment of a market as well as supporting other capital reduction initiatives. It must be 
recommended that loan guarantees can be introduced to further reducing the financing risks and 
hence lower the costs of borrowing capital. The CEF could be used for this purpose as well as 
provide funds for capital cost subsidies for solar thermal power plants.  
In order to create a long-term development in South Africa as a whole as well as create local 
development in the Western Cape it is suggested that the authorities in the above mentioned 
recommendations support local industrial initiatives such as local production of components for 
electricity purposes.     
In order to overcome the existing barriers for implementing the energy projects based on 
renewables we have, by suggesting the above-mentioned changes in the framework conditions, 
created the enabling environment for the projects. In the following section we will discuss how 
the goal set for the year 2012 can be achieved in the enabling environment created. 
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12 Development Perspectives for Electricity 
from Renewables in the Western Cape 
We have in the previous sections identified the challenges in connection with the promotion of 
renewable energy in the Western Cape and recommended some regulatory changes, which could 
be implemented in order to secure renewable energy in the electricity supply.  
The purpose of this section is to discuss how the different project types examined in this report 
can be expected to contribute to fulfilling our goal for renewable energy in the Western Cape 
under the suggested regulation. In addition to technological possibilities, a major criterion in 
selecting the role each project could play in achieving the target is the economy of the projects, 
both regarding the average generation costs and the capital costs. Higher costs in some projects 
can, however, be justified if contributing to regional development such as job creation etc., so 
these projects may be implemented, even though they are not necessarily the cheapest options.  
12.1 Technological Options for Development Perspectives 
The overall goal is an additional 600 GWh electricity from renewable resources by 2012. With the 
wind farms in Darling and Klipheuwel, the Western Cape province has an annual production of 
21 GWh electricity from renewable resources.39 This leaves 579 GWh left to be produced from 
other sources, which the introduction of the proposed regulatory measures hopefully will secure. 
The different technological options, which investors in renewable energy in the Western Cape 
can choose between, are shown in the table below. The different technologies are compared with 
existing electricity production and new coal technology to give an indication of the environmental 
and economic impacts of each type of project. Calculations of the prices can be seen in 
appendices B1-B3. 
                                                 
39 We have used the expectation to an annual production of 13.1 GWh from Darlings 5.2 MW capacity to 
calculate the production from Klipheuwel wind farm’s 3.16 MW capacity, giving an expected production of 7.96 
GWh/year. 
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 Table 12.1: Comparison of Different Technologies 
 
 Landfill Gas Wind Solar Thermal Ex. Energy Mix New Coal40
Capital costs 
 
R11.0 mio./MW R9.04 mio./MW R22.0 mio./MW - R8.9 mio./MW 
Generation41 26.4 c/kWh 37 c/kWh 50 c/kWh 8.4 c/kWh42 15.4 c/kWh 
Lifetime 10 years 20 years 35 years - 30 years 
Jobs created N/A 542 pr. TWh 248 pr. Twh - 116 pr. TWh 
CO2 emission 0 0 0 850.6 kg/MWh 724.7 kg/MWh 
SO2 emission N/A 0 0 7.9 kg/MWh 0.31 kg/MWh 
NOx emission 1.8 kg/MWh 0 0 3.6 kg/MWh 0.38 kg/MWh 
Particles N/A 0 0 350 g/MWh 25.8 g/MWh43
As the table illustrate all the renewable resource-based options have problems competing with 
new clean coal technology, which due to significant improvements in efficiency compared to 
older plants can keep generation costs fairly low, while still giving environmental benefits. The 
price of new coal technology is calculated on basis of state-of-the-art clean coal technology and 
South African domestic market coal quality. In connection with our research for this report, we 
have, however, heard varying estimates of the future generation costs of coal power. Prices 
mentioned have been 18-20 c/kWh (Nassiep, 6/2 2003) and about 25 c/kWh (Eberhard, 25/3 
2003) without flue gas cleaning, while others state approximate prices of 14.0 c/kWh without flue 
gas cleaning and 19.3 c/kWh with desulphurisation and NOx-reduction. (DANCED, 2001: 22) 
Social and environmental costs could be added to this, but since those are difficult to determine 
we will not attempt to give the monetary value. The environmental and social effects of 
renewable energy will be discussed separately later in this section.   
As our comparison of technologies indicates there may be huge cost-effective environmental 
benefits by implementing clean coal technology. As we have stated earlier in this report we have 
no intension of hindering the development of cleaner production in the coal-based electricity 
sector by introducing renewables. We are aware of the unlikelihood of our proposed projects 
replacing fossil fuel capacity before 2012. In the foreseeable future it will require either 
substantial technological improvements or changes in electricity supply planning, before 
renewables can be considered base-load capacity securing electricity supply in the Western Cape. 
                                                 
40 Pulverised Coal Technology with electrostatic filters, de-sulphur and de-NOx scrubbers. Electrical efficiency: 
47.0%. Calorific value of coal: 20.0 GJ/ton. Interest rate cleared for inflation: 6% p.a.  
41 Generation costs include capital, fuel and O&M costs according to the appendices. 
42 Nett energy [electricity] sent out 194,462 GWh in 2000. Total expenditure in the generation sector 
R16,411,791,000 in 2000. (NER, 2000: 5) Total expenditure/Nett energy.  
43 Calculated on basis on particle emission data from Nordjyllandsværket, which in 2001 emitted 62.25 tons 
particles and had a nett electricity production of 2,415,958.50 MWh (Elsam, 2003) 
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Clean coal technology will, therefore, play an important role in ensuring electricity supply for 
many years to come. 
The determinant factors for the implementation of renewable energy technologies and to what 
extent each technology can contribute to achieving the goal are the availability of the resources, 
the maturity of the technologies, the economic performance of the suggested projects and the 
potential social impacts with regards to job creation etc. they hold. It is expected that investments 
will flow towards renewable energy projects and that various stakeholders, as discussed in the 
earlier chapters, will undertake projects encouraged by the introduced regulation. 
12.2 Role of Regulation in Promoting the Development 
As we have concluded in the previous sections it is likely that introduction of regulatory 
instruments will contribute to achieving the goal of 600 GWh electricity from renewable energy 
by 2012. It is possible that tax rebates, and for solar power capital cost subsidies, will contribute 
to overcoming the high capital costs and attract investors, while obligations to distributors will 
secure a market for the generated electricity thus covering the price gap between renewable 
energy and conventional electricity. Furthermore environmental labelling as well as wheeling and 
banking will address the long-term goal of creating an environment, where electricity generated 
from renewable resources can compete with conventional electricity on market-like conditions.  
The introduction of these initiatives should create such conditions for renewable energy projects 
in the electricity sector so a move towards a more environmentally sound electricity generation is 
initiated. Whether our proposals for new regulation are sufficient to achieve the goal of 600 GWh 
will have to be reviewed during the timeframe of the development. It may be necessary to 
introduce other initiatives or strengthen the introduced initiatives, e.g. by expanding the tax 
exemptions measure or increasing capital cost subsidies. 
12.3 Technologies’ Relative Contribution to our Development 
Plan  
As previously mentioned a complex mix of factors including resource potential, technology 
maturity, economy and development potentials in the technologies and the regulatory 
instruments, which will determine how much each technology will contribute to achieving the 
goal for 2012. The following section will discuss the way we imagine the renewables sector could 
develop. 
12.3.1 Landfill Gas Electricity – Pragmatic Resource Use 
Electricity generation using landfill gas is the cheapest renewable energy option investigated in 
this report, which will probably lead to full exploitation of the resource, when initiating the 
supportive regulatory measures discussed in previous chapters. The proposed tax rebates and 
obligation to distributors will benefit the economy of this project type significantly, while a 
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 wheeling and banking system is not as important for landfill gas projects, because landfill gas is 
not that sensitive to seasonal variance, though output may vary slightly over the year. 
Considering the present resources it is recommendable to start exploiting landfill gas as soon as 
possible, as the resource is only available for a certain period of time. Extraction and flaring of 
landfill gas is necessary for environmental and safety reasons, which is why there is no reason not 
to recover the energy from the gas. This could, together with the introduction of regulation, 
attract investment to this project type. The current project proposal only takes electricity 
generation from the gas into account and does not consider the option of generating heat (or 
cooling) in connection with power generation. Even though this report could not identify 
industries in the Western Cape interested in co-generation, this should be investigated carefully in 
the planning of each landfill gas project. Co-generation projects will not only benefit the energy 
performance of the energy system and thereby the environment, but also strengthen the 
economics of the project. Even without using the excess heat from the electricity generation for 
heating or cooling purposes the landfill gas projects are close to economically viable on market-
based conditions and the resource should be fully exploited in order to achieve the goal of more 
renewable energy in the Western Cape’s electricity sector.  
Though landfill gas projects are recommended, the long-term waste-to-energy potential lies in 
solid waste incineration, but as this requires a reformation of the waste treatment system, 
electricity generation from landfill gas is recommended in the initial phase of the introduction of 
renewables, though waste incineration may be possible in future. The initial landfill gas projects in 
the Cape Town area could serve to demonstrate that the project type can work under the 
conditions characteristic for the region. If the CDM system materialises it would be an obvious 
way to trigger the development of landfill gas projects. The projects must serve to gain 
experience with the technology and clarify which local conditions are constraints for further 
usage of the gas. After identification of these site-specific conditions the development could 
continue according to the planned closure of landfills and new projects be initiated at the same 
pace. How many demonstration projects are required before the technology can work on a 
commercialised basis is uncertain, but no more than the four projects in conjunction with the 
landfills earmarked for closure within the next five years should be categorised as demonstration 
projects. This would give a stable electricity production estimated at about 69 GWh per annum 
from landfill gas for a period of approximately 10 years or until the first generation projects like 
Bellville are phased out around 2014. At that time a few larger landfills are supposed to close, 
which could be the initial phase of a second generation of commercialised landfill gas projects. 
The possibility of reusing the gas engines from some of the first projects could be considered 
unless technological development has made them obsolete 
Though waste incineration will probably not contribute to fulfilling the goal for renewable energy 
in 2012, we would like to see electricity generation from this energy source stimulated through 
regulation when the landfill gas projects are out phased and a system for better handling of solid 
waste is implemented. 
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12.3.2 Solar Thermal Power – Electricity aiming towards Development 
Solar thermal power is the most expensive of the technologies investigated in this report and 
other advantages of this technology must therefore be recognised, if solar power is to play a role 
in the supply of renewable energy in Western Cape. The potential for technological and industrial 
development for this technology has been discussed briefly, but if this development potential is 
not picked up by private investors the earmarking of a certain percentage of solar power in 
connection with the recommended distributor obligation as well as the suggested direct capital 
cost subsidy should help to secure investment in solar power. The argument for this is that the 
generation cost for solar power has potential to become the most cost-effective technology in the 
long term.  
South Africa could benefit from research and development of technology for solar thermal 
power plants we believe that the Eskom project in Upington, if successful, could be followed by 
demonstration projects in the Western Cape. Though Eskom’s plan is to construct a 110 MW 
central receiver power plant, we believe that a demonstration project in the Western Cape should 
be smaller in order to investigate the potential for use of the technology in an area with a slightly 
lower resource potential. With the proposed regulation especially addressing solar power we 
could imagine an installed solar thermal capacity of at least 75 MW electricity generation capacity 
in the Western Cape by 2010, and if the technology proves to work under the conditions in the 
province one could imagine further installation of capacity before 2020. If the development 
occurs in this way, we could expect an electricity production from the 75 MW solar thermal 
capacity in the Western Cape of about 280 GWh in 2012 using the expected output from the 
Upington project as a guideline. In the long run the output from solar thermal power plants 
should, however, be much larger as a consequence of technology development. Limitations for 
use of the resource are, to a large extent, determined by the technology.  
12.3.3 Wind Power – Mature Technology 
Wind turbines could play an important role in fulfilling the goal and start a development towards 
the wider use of renewable resources in electricity generation in the Western Cape as this region 
has fairly good wind energy potential. How much wind power capacity there will be installed as a 
consequence of our recommendations is difficult to say, but if we assume that our measures are 
sufficient to achieve the goal of 600 GWh electricity from renewable resources in 2012 the 
following scenario could illustrate the possible development.   
We will let our goal of 600 GWh of renewable energy in the electricity production in Western 
Cape by 2012 determine the need for wind power capacity. We have estimated a potential 
production of 69 GWh from landfill gas and 280 GWh from solar thermal by 2012 and with the 
8.36 MW capacity at Darling and Klipheuwel, expected to produce about 21 GWh per annum, 
230 GWh should be produced from new wind capacity in 2012 in order to achieve the goal. This 
will require the establishment of about 91.5 MW wind capacity before 2012. Whether the 
proposed regulation can attract investments to this degree is uncertain, but one can use it as a 
guideline for discussion of the goal as well as for evaluation of the regulatory instruments during 
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 the period. Other problems, like technological constraints, might, however, occur in the 
implementation of landfill gas and solar projects, which will necessitate the installation of a more 
wind power capacity in the short term. This will require continuous evaluation of the introduced 
regulation in order to secure fulfilment of the goal.  
Though the resource potential for wind power production in the Western Cape is not 
exceptional, the natural resource is not a limitation for electricity generation output. It is more 
likely that the limitation will be the number of sites, which can be allocated for the erection of 
wind turbines. Our longer term expectations for wind power is that the installed capacity over 
time will, if not decline, at least stagnate or increase at the same rate as the technology develops if 
worn out turbines are replaced by new, state-of-the-art turbines. When the stagnation or the 
decline in growth rate for installed capacity of wind turbines occurs, the solar thermal technology 
will hopefully have reached levels of maturity, which would make it possible to secure continuous 
increases in the electricity production from renewable resources at competitive price. 
12.4 Expected Development for Renewable Energy 
The development described above is heavily dependent on technological possibilities, which 
might prove to be impossible. Development also is sensitive to the effectiveness of the imposed 
regulatory measures.  
Certain elements, such as landfill gas projects and solar power, which we believe will be 
important contributors to achieving the goal, could be hit by unexpected constraints or the 
regulation could be shown to channel capital into the technologies with less development 
orientated perspectives. If this occurs, government should consider a revised regulation package 
in order to sharpen focus on the objective of renewables with social development. Other possible 
problems could be solved using technology. If, for instance, large-scale solar thermal power 
plants prove to be impossible, another option would be to build several small-scale solar power 
plants, though this would raise the generation costs significantly. Alternatively investments could 
be orientated towards wind turbines, which would be a more reliable technological solution. In 
order to address the alternative development paths, we have in the following table compared 
three different ways to achieve the goal and their costs per year. These are not costs that a single 
stakeholder is responsible for, as they are covered by the introduction of the recommended 
regulatory instruments. It is, therefore, difficult to determine out exactly where the money comes 
from, and more serious only a few elements of the regulation open opportunities for channelling 
the investment to specific technologies, as only the proposed capital cost subsidy and the 
earmarking of a part of the distributor obligation directly addresses certain development paths. 
We find option 1 the most likely to be implemented if investors recognise the development 
potential in solar thermal power, as this strategy, in our view, holds the best development 
potential without being the most expensive. If solar thermal power or landfill gas power projects 
are not feasible it will be necessary to rely on alternatives such as wind power, which is the most 
mature of the technologies investigated. 
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Table 12.2: Development Paths for Electricity from Renewable Resources in Western Cape 
 Option 1 Option 2 Option 3 
Darling and Klipheuwel 21 GWh - 21 GWh - 21 GWh - 
Landfill Gas 69 GWh R18.2 mio. 69 GWh R18.2 mio. - - 
Solar Thermal 280 GWh R140 mio. - - - - 
New Wind Power 251 GWh R85.1 mio. 510 GWh R188.7 mio. 579 GWh R214.2 mio. 
Total 600 GWh R243.3 mio. 600 GWh R206.9 mio. 600 GWh R214.2 mio. 
Normal Elec. Purchase (11 c/kWh) R66.0 mio.  R66.0 mio.  R66.0 mio. 
Additional Expenses for RE p.a. R177.3 mio.  R140.9 mio.  R148.2 mio. 
 
We have outlined some of the expectations we have to the development of renewable energy in 
the electricity generation in Western Cape for a short-term period if our suggestions for changes 
in the regulatory framework are followed. 
Table 12.2 above gives an economic spectrum within which we expect the use of renewable 
energy in the electricity generation sector to develop. The figures are not definite since the 
development is mainly a result of the suggested regulation, but the cheapest option would give 
additional annual costs of R140.9 million. The most expensive way to achieve the goal, the 
implementation of solar thermal technology only, will not be discussed due to the high costs 
involved and the risk involved in relying on a single technology. It is within the development 
paths presented above we expect renewable energy to become a part of the electricity generation 
sector in the Western Cape. Our perception of the development path, which holds the greatest 
development potential for the Western Cape and South Africa, lies close to the most 
technologically diversified development path (option 1), which is why we find it recommendable 
to regulate towards this path. 
There are a number of uncertainties, which might give unexpected problems in fulfilling the goal. 
This may lead to the revision of the regulation during the period of implementation as well as a 
change in the renewable energy mix used to achieve the goal, but the discussion above and the 
figure below (Figure 12.1) can be used to illustrate how things could develop. It is important to 
note that this development is reliant on the success of the proposed measures taken to improve 
the possibilities for renewable energy, as development is unlikely without new regulation. 
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Figure 12.1: Illustration of option 1 
 
Figure 12.1 above illustrates option 1 in Table 12.2. Government should seek to regulate towards 
the diversification of energy resources, which this option allows. Other advantages make this 
.option attractive. We expect full exploitation of the landfill gas resource, as this technology is 
cost-effective. We expect solar thermal power to be successful in addressing the development 
wishes for the Western Cape and South Africa, and therefore implemented in order to contribute 
to achieving our goal. Our expectations to wind power production in the Western Cape are that 
the technology in the short run will play a major role in fulfilling the goal in 2012. The reasons 
for this are the maturity of the technology and the following relatively low generation costs. In 
the long term we could imagine that solar thermal power and waste incineration will play a more 
significant role and secure the increase in electricity derived from renewable resources. In 
accordance with the suggested introduction of the wheeling and banking system it is, however, 
uncertain where the production of electricity from renewable resource will be located in South 
Africa, as some provinces could be expected to contribute more than others to achieve the 
national goals for renewable energy in the electricity generation. This is not a problem, since the 
bottom line will be the same if all distributors comply with their obligations, but it just illustrates 
that provinces with better resources can contribute more to achieve the goal, though the 
investment to the exploitation of the resources may come from all parts of the country. The 
Western Cape’s contribution to achieving the national goal may in that way be more or less than 
the 600 GWh electricity from renewable resources in 2012. This contribution will not necessarily 
hinder the achievement of the national goal due to the use of renewable resources in other 
provinces. 
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12.5 Economic Aspects of the Development  
With an expected electricity consumption of 25,000 GWh electricity in Western Cape in 2012 the 
distributors estimated expenditure on electricity purchases would be R2750 million using the 
current average tariff. Implementation of option 1 will lead to a 6.4% increase in the aggregate 
price of electricity, raising the total expenditure to R2,927.3 million. Option 2 is estimated to 
increase the electricity price by 5.1%, while option 3 will increase prices by 5.4%. This indicates 
the spectrum within which we could imagine renewable energy in the Western Cape’s electricity 
sector to develop. The increased costs for renewable energy are, as mentioned before, not laid on 
a single stakeholder or group of stakeholders, e.g. consumers, but are spread over different actors 
according to the introduced regulatory initiatives. Despite this there are some additional expenses 
in connection with increased use of renewable resources in the electricity generation sector, 
which must be covered. The regulation deals to a large extent with this matter and in the previous 
section we have indicated the principal burden-carriers of each regulatory instrument suggested. 
We will not try to quantify the economic burden laid on the stakeholders since it will not give a 
meaningful picture of this cost allocation with the many proposed initiatives and the broad 
spectrum within which the renewable energy in the Western Cape can develop. With regards to 
tax rebates and capital cost subsidies it is clear that the state covers the additional costs, but when 
it comes to the other recommendations it is difficult to determine who will cover the costs. The 
wheeling system will probably result in lost income for the transmission company, while the 
conventional electricity generators will most probably carry the costs of a banking system, as they 
will loose income, when electricity producers using renewable resources are permitted to sell 
electricity in periods where prices are better as well as conventional producers having to pay for 
capacity in order to cover peak periods, which will be used to do so but the advantage of 
receiving the higher peak prices will be lost, to some extent, to renewables. In addition to the 
wheeling and banking system can be mentioned that the system’s ability to create better market 
conditions for electricity generation using renewables, will encourage production in the most 
cost-effective ways without focusing on geographic situation of the generation, thus reducing the 
economic burdens laid on the distributors. With regards to the distributor obligations the 
additional expenses will indirectly be carried by the consumer, but as discussed in previous 
sections we suggest entitling the distributors to create their own bidding systems in order to 
reduce the costs of renewable energy in the electricity generation as much as possible. 
Furthermore we strongly suggest the introduction of concurrent initiatives, which place the 
burden on metered clients, as this will protect the poorest consumers from electricity price 
increase caused by the use of renewable energy. We have, in this way, attempted to suggest 
regulation, which spreads the burden over as many stakeholders as possible. 
We believe the additional costs of aiming towards the development potential is possible in option 
1 is considerable compared to options 2 and 3, but it does make sense to regulate and also 
stimulate industrial development towards the option giving the greatest overall benefits. For 
reasons discussed earlier, we find that option 1 is capable of delivering socio-economic 
development. It is not the cheapest option and the benefits of such an investment should be 
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 considered. This will be discussed in the following sections. The distribution of the additional 
expenses is a matter for regulation, whilst the spin-off effects of the investment are determined 
by factors such as the share of expenditure used on imports and the ability of the investment to 
benefit lower social and income groups. In the following sections some of the ways the 
expenditure on renewable energy can have positive effects in the Western Cape and South 
African society as a whole will be discussed. 
12.6 Environmental Benefits of Renewable Energy 
The renewable energy technologies we have investigated and considered are virtually free of air 
emissions. Wind and solar power have zero air emissions, if one does not consider indirect 
emissions from manufacturing, transport, etc. of the various components, which we will not, as 
these figures are not included in the estimated emissions from the existing electricity generation 
facilities. Landfill gas causes some emissions in the energy conversion phase, but the sulphur 
emissions are expected to be so small as to be negligible and there are practically no particle 
emissions as the fuel is gas. Landfill gas projects are considered CO2-neutral, as the gas is a part 
of the atmospheric carbon cycle. This leaves only nitrogen oxide emissions from the gas engine 
in the landfill gas projects, which is low compared to emissions from coal-based electricity 
generation. The emissions for the gas engine have been calculated to be about 1.8 kg NOx/MWh 
(see appendix B1). With an expected peak output of 69 GWh per annum from landfill gas 
projects the total emission will be 110.6 tons per year, which thus will be the only air emission 
from the two options which contain landfill gas. The last option remains is emission free.  
The average emissions from power generation in South Africa is 850.6 kg CO2/MWh, 7.9 kg 
SO2/MWh, 3.6 kg NOx/MWh and 0.35 kg particles /MWh. This means that the production of 
600 GWh electricity from renewable resources will reduce total emissions by 510,360 tons of 
CO2, 4,740 of SO2 and 210 tons of particles annually. Furthermore the first two options will 
reduce NOx emissions by 2,035.6 tons, while the last option will lead to a reduction by 2,160 
tons. Even though criteria other than the environment have determined that option 1 is, in our 
opinion, the most attractive, it indicates that the environmental performance of this option is 
very close to that with the overall lowest emissions. With other advantages characterising this 
option the slightly lower environmental performance is acceptable and gives reason to orientate 
regulatory measures towards this development path. 
12.7 Job Creation through Renewable Energy Projects 
When discussing the ability to create jobs in the suggested initiatives, a comparison of the 
differences between the technologies job creation potential is necessary to expose the potential in 
relative terms. Table 12.3 below shows several studies’ results on job creation for the different 
technologies. 
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Table 12.3: Job creation potential according to technology 
Information source 
Danish study New York State American Wind 
Energy Ass. 
World Watch 
Institute 
Resource 
[man-years, same 
amount of energy] 
[jobs per mil. US$ 
invest.] 
[jobs per mil. US$ 
invest.] 
[jobs per TWh] 
Coal fired PP 6200 13.1 13 116 
Photo voltaics  7.4   
Solar thermal elec.    248 
Wind 14,200 10.0 14 542 
Biomass  17.0-22.6   
Hydro  4.0 8  
Source: DANCED, 2001: 8 
As the table indicates it is difficult to compare estimated job potential. The only directly 
comparable estimates are those from New York State and American Wind Energy Association 
respectively because they use the same unit of measurement. The findings are, however, still 
different. For our report the figures calculated by World Watch Institute are useful as a 
comparison between two of our chosen technologies and coal power is made. 
The job creation potential for the options discussed, are important as this is one of the positive 
side effects making renewable energy an attractive alternative to conventional electricity 
generation. Estimates of the job effects are, however, uncertain and each projects respective 
contribution is different. Table 12.4 below shows a rough estimate of the potential job creation 
from the three possible paths. 
Table 12.4: Job Creation in Full-Time Equivalents 
Option 1 205.4 
Option 2 276.4 
Option 3 313.8 
Coal fired PP 69.6 
Sources: World Watch Institute and proposed development paths 
 
The estimates suffer due to a lack of data, which is why potential job creating effects from landfill 
gas projects are not included. This gives a rough picture of the job creating effects, though not as 
precise as is desirable. It is thus not a certainty that option 3 would create more jobs than option 
2, since job creation from landfill gas projects is not included. Despite this the table shows that 
an energy package consisting of landfill gas, solar thermal and wind power will most likely create 
less jobs in total than a solution based on landfill gas and wind power alone. It is also clear that 
the electricity generation using renewable resources will create more jobs than reliance on new 
coal capacity, which partly is due to the additional expenditure required for investment in 
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 renewable energy projects. It is however important to consider where these jobs will be created. 
Many of them will probably be created abroad, especially in the initial phase. The local job 
creation potential will most likely vary a great deal between technologies, which is why the option 
with the highest overall job creation is not necessarily the option with the greatest local job 
creation potential. Therefore one has to consider which efforts should be made to ensure that 
South Africa will benefit as much as possible from the introduction of renewable energy in the 
electricity generation. 
12.7.1 Local Job Creation Perspectives 
It must be considered whether jobs are created locally or international, if they are permanent or 
temporary and if the jobs have a role on effect in other sectors according to the multiplier effect. 
Regarding the different project types’ ability to create local jobs the current creation of local jobs 
is limited when investing in both wind and solar thermal power. Both technologies are creating 
more jobs than competing technologies like coal power and photo voltaics as Table 12.3 
indicates, but this job creation is not necessarily local and, in the initial phase, most likely not.  
Wind Power 
As long as the production of renewable energy technologies is located abroad the local job 
creation effect is limited. For the first two years of the Klipheuwel wind farm’s lifetime Vestas 
employees are expected to use about 6 days per year for maintenance. The actual employment in 
supply chains has not been verified, but our general job creation figures might give an idea of 
this. For the operation and maintenance of the two Vestas wind turbines at Klipheuwel eight 
employees were trained and similar training is expected for the French produced Jeumont wind 
turbine at the site. Existing staff currently covers the additional workload, but in the long-term it 
is planned that an Eskom employee should take care of operation and maintenance of the wind 
turbines as well as information about the turbines at site. (Smit, 17/5 2003) This indicates that 
the permanent local job creation potential for construction of wind turbines is very limited 
without local production of components. If some of the production is located in South Africa the 
permanent job creation will increase significantly. The leading wind turbine producers in the 
world are currently located in Europe, which is where many of the jobs will be created if 
investing in wind power. In the long-term an industry could be established in South Africa. 
Producers of wind turbines can locate the production of wings and other components in South 
Africa once some larger contracts for the purchase of wind turbines have been signed. It is, 
however, unrealistic to expect the production of new models of wind turbines to move away 
from the Research & Development unit, as it most likely will harm technology development, if 
the link between the production of the state-of-art technology and the R&D department is 
broken. Thus it is likely that only production of fully developed elder wind turbine models will be 
moved away from the R&D unit. Production of some of the components locally would be very 
beneficial for the job creation and would certainly create political interest for renewable energy. 
Vestas has no current plans of establishing a production of wind turbine components in South 
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Africa, i.e. due to the lack of regulation securing a market for renewables according to Henriette 
Juul Eriksen (20/5 2003). Vestas Wind Systems does, however, believe that South Africa has a 
future market potential, but this does not necessarily include local production of components. In 
order to initiate the development of a local production of components a formal or informal 
agreement between the South African government and the wind turbine industry is required 
before the full social benefits of establishing an industry can be achieved.  If the government or 
provincial government acts as negotiators of a purchase contract of a large quantity of wind 
turbines an obligation to produce the low technological and maybe even some of the high-
technological parts in South Africa could be included. The possibilities for establishing wind 
turbine production in South Africa are limited unless the government or another key-stakeholder 
formulates a clear strategy for the establishment of such a production.  
Solar Thermal Power 
The expertise in solar thermal power is concentrated in California, where the technology has been 
developed. If experiments with the technology leads to promising results, it is likely that almost 
the entire job creation from solar thermal power plants will be located in South Africa in the 
future, as the idea behind the pilot projects is to optimise the technology and determine how 
components can be produced on a large-scale industrial basis. The possibilities for creating 
permanent local jobs in the solar thermal power sector are thus likely to be greater than in the 
wind sector. Solar radiation in South Africa is one of the highest in the world, which makes the 
country suitable for research and technological development of solar thermal power technologies, 
so even though the global job creation potential for solar thermal power technologies in general 
are lower than for wind power, the local job creation potential for solar thermal technologies is 
most likely higher. 
12.7.2 Permanent Job Creation and Spin-off Effects 
A South African survey on the job creation potential in the renewable industry shows that 
renewable technology industries focusing on meeting private sector demand for renewable energy 
technology components is better in creating permanent jobs than enterprises focusing on 
demand for renewable energy technology to be used in public projects, which often only is 
capable of creating temporary jobs. (Holm & Agert, 2002: 1) This research indicates that the long 
term perspectives for renewable energy clearly lies in creation of an approach to free market, as 
the positive side-effects of renewable energy are more persistent if the producers have to develop 
their production according to the wishes of a private sector producing electricity on renewable 
resources. The currently small renewable technology industry in South Africa has focused on 
niche market, where the European industry for many years, partly as a result of massive political 
promotion, has sought to optimise the technologies for bulk electricity supply. (Holm & Agert, 
2002: 1) This ambition has probably been a key to the successful establishment of a permanent 
industry in Europe. In that way it will most likely be important to establish an industry in South 
Africa, which focuses on meeting the demands of a private market for renewable energy 
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 technologies supposed to contribute to the bulk electricity supply, as this sort of industry will aim 
to create permanent jobs and secure supply of cheaper renewable technologies to the market. 
The positive side effects of renewable energy will in that way be more permanent in the society, if 
the change in the energy system is promoted by creating a framework, where the electricity 
projects can survive on market-based conditions, than if the promotion of renewable energy in 
the electricity supply happens through sporadic public projects. 
Another important but hard measurably issue is the employment effects generated through 
increased economic activity caused by the additional investments in renewable energy projects. 
The multiplier effect cleaned from the linkage effects, when investing in renewable energy, has in 
the UK been set to about 0.17 meaning 100 directly created jobs will create 17 additional jobs in 
other sectors. (Wiltshire et al., 1998: 5) The multiplier effect is however highly sensitive to 
country specific characteristics, which is why these figures cannot be used for measurement of 
the projects’ employment effects in South Africa. But one could claim that the multiplier effect 
for investment in renewable energy projects in South Africa tend to be higher than in UK, as a 
larger share of the South African workers’ salaries are used on consumption and construction 
works in general are more labour intensive than similar projects in UK. Though our data are not 
sufficient to estimate what the spin-off effects of the local job creation would be if our energy 
plan should be implemented, it is worthwhile to account for some positive side-effect, though 
these not can be quantified. 
12.8 Long-term Development Perspectives 
The issues discussed identify some of the positive side effects of implementing the plan for 
renewable energy by changing the regulatory framework according to our recommendations. 
Through the discussion of the physical possibilities, required changes in regulation and the 
environmental, social and industrial development perspectives for renewable energy our 
proposed projects should hopefully attract political interest, as South Africa will benefit from the 
initiation of such renewable energy strategies in the long run. 
The energy mix suggested in the proposed development path is chosen, because this should 
promote a development with a long-term perspective. The recommendation of the slightly more 
expensive solution including implementation of solar thermal power instead of the cheaper wind 
power in the initial phase can be justified due to the greater technological and industrial 
development perspective. The additional expenses could partly be covered by imposing 
technology specific measures in the regulation, such as earmarking of percentages of the 
distributor obligation, but business perspectives in the industrial development could also cover 
some of the expenses.  
A major potential for the further development of renewable energy’s role in the electricity 
generation in the Western Cape lies in taking renewable resource-based electricity generation into 
consideration in the continuous modernisation of the fossil fuel generating capacity. If 
renewables are to play a major role, it is necessary that fossil fuel capacity can cover the peak 
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loads and that it is technically possible to regulate the output from these plants quickly enough to 
compensate for intermittent production, which characterise some renewable energy technologies. 
As long as regulation seeks to compensate for the intermittent production patterns of the 
renewable energy technologies, there are no major problems using the technologies to the limited 
extent suggested in the short term. When renewable energy technologies begin to replace fossil 
fuel capacity, an integrated plan for building of fossil fuel and renewable energy capacity in the 
Western Cape will be essential in order to avoid over investment and securing renewable energy 
to reasonable prices. 
Our suggestions for achieving the renewable energy goal for 2012 incorporate considerations to 
secure a continuous increase in the use of renewable energy hereafter. The following sections will 
consider potential long-term developments of each technology. 
12.8.1 From Landfill Gas to Waste Incineration 
The maximum output from landfill gas projects is expected to be around 69 GWh per annum in 
the years from 2007-2014, hereafter declining until 2025, where all the possible landfill gas 
projects we have identified are expected to be phased out. In the long-term we believe waste 
incineration should replace landfill gas as an energy resource, as this can ensure a more 
environmentally sound solid waste treatment together with a more reliable energy generation. 
There are several reasons for the much larger energy potential in waste incineration than in 
landfill gas. The losses in the energy chain for landfill gas are much larger than for waste 
incineration, as an additional link with gas as energy carrier is in the chain, gas extraction is only 
about 75% efficient and some of the energy from waste incineration is also derived from plastic 
and other materials, which are not biodegradable. This is a reason for putting a question mark to 
whether waste incineration can be considered as renewable energy, but this has been considered 
earlier in this report. The current annual accumulation of waste in the Western Cape is about 1.6 
mio. tons, of which 1.4 mio. tons is found in the greater Cape Town area. What the remaining 
amounts will be after sorting has occurred is uncertain. The advantage of using waste for 
electricity generation in the Western Cape is that the vast majority of it is found in the greater 
Cape Town area, which reduces the problem transporting waste to incinerators. It is not possible 
to say anything about the exact amount waste available for energy purposes after 2012, where the 
waste treatment system hopefully should be in the process of being reformed, if not already 
completely restructured, but a rough estimate for the incineration of 1.6 mio. tons waste with an 
energy content of 10.0 GJ/ton on a plant with 25.0% electrical efficiency will give an annual 
electricity production of 1111 GWh. This indicates that there is great potential for waste 
incineration in the electricity generation sector. Construction of such waste incineration plants 
could give generation costs of around 36.9 c/kWh and emissions of 0.61 kg SO2/MWh, 3.1 kg 
NOx/MWh and 25.0 g particles/MWh.44 (See also appendix B4) This would offer reliable 
                                                 
44 Calculated with expected production of 90,000 MWh per 155,000 tons solid waste (Kara, 2003), a SO2 
emission of 352 g/ton waste, a NOx emission of 1795 g/ton waste and a particle emission of 14.55 g/ton waste. 
(Vestforbrænding, 2003) The carbon emissions are considered as environmental neutral. 
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 electricity generation with a low environmental impact and contribute to a more rational use of 
waste products in the electricity sector. 
12.8.2 Wind Power – Worn-out Capacity Replacement and Offshore 
Projects 
The potential for the use of wind power is good and the limiting factor for exploiting the 
resource is the decision of how many wind turbines one wants to establish in the landscape. It is 
impossible to make a qualified guess of the actual limit, but a substantial number could probably 
be erected before this limit is met. When the limit for the number of erected wind turbines has 
been reached the further development potential lies with the replacement of old turbines with 
new state-of-the-art technology turbines, which could increase the installed capacity significantly 
without occupying more sites. Offshore turbines might also be a possibility for further 
development, if problems with location of onshore turbines occur. The capital costs for offshore 
wind turbine projects are, however, much higher than for wind turbines erected on land. 
Stagnation in the growth rate of wind power capacity can thus be expected to occur, when the 
generation costs of solar thermal power is brought down to competitive levels moving 
investments towards this type of renewable energy. 
12.8.3 Solar Power – Superseding of Fossil Fuels 
Though the potential for wind power is good the potential for use of solar power is even better. 
It is probably not the availability of suitable sites for the location of solar power plants that is the 
limiting factor, as for wind power. The upper limits for solar electricity generation in the Western 
Cape is probably only set by the economic framework and technology development. 
If the generation costs for solar thermal power over time are brought down to competitive levels 
this technology has, maybe only with exception of waste incineration, the greatest potential for 
being a reliable electricity generating technology based on renewables in the Western Cape, 
creating a real alternative to the construction of fossil fuel plants in the long term. Before this is 
realistic it is necessary to develop the technology to ensure a more stable output in order to meet 
the daily demand pattern for electricity. The seasonal variance in output from the solar thermal 
power plants is the limiting factor for the technology’s ability to replace conventional capacity, as 
the difference between the output from all the renewable resource-based electricity-generating 
facilities during wintertime and the peak demand in the winter has to be covered by fossil fuel 
power plants. What is going to happen in the development of solar thermal power technologies 
in the future is impossible to say, but the energy potential in this resource cannot be 
underestimated and changes in the regulatory framework and industrial promotion of the 
technology could lead to a boom in electricity production from solar thermal power plants. 
The development paths discussed in this section could become reality in the Western Cape, but 
the desired development, which partly could be a result of an active integrated industry and 
energy policy, has to be promoted in some way. It is important to note that even though 
renewable energy can create jobs as well as give social benefits, this industrial development needs 
 113
to be triggered the creation of an enabling environment for renewable energy. This is why the 
importance of new regulation in energy policy and the identification of alternative ways to 
develop the use renewable energy in an industrial perspective cannot be underestimated. This 
integration between regulation and industrial development is required if one wants to overcome 
the existing problems, which at present are hindrances for single renewable energy projects as 
well as constraints for creating a market for electricity projects based on renewable resources. 
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 13 Conclusions 
Our overall research question for this report was: 
How can the use of renewable resources for electricity generation in the Western Cape be increased 
through the development of renewable energy project types and changes in the regulatory 
framework? 
As a guideline for our investigation and discussion we developed a goal of 600 GWh electricity 
from renewable resources in the Western Cape in 2012, which origins from the Government’s 
white paper target of additional 10,000 GWh renewable energy in that year. The purpose for the 
set goal has been to look at the possibilities for fulfilling the goal and by that measuring which 
changes must be suggested in order to increase the use of renewables. We have in the report 
investigated three project types, being electricity generation from landfill gas, wind turbines and 
solar thermal power plants, and identified the potentials for their use in Western Cape. 
13.1 Barriers to Renewable Energy in the Western Cape 
During our study we have recognised various barriers that is expected to be a hindrance for the 
use of renewables in the electricity production and which must be overcome in order to create 
the enabling environment for developing the sector. A major stumbling block for the use of 
renewables in the electricity sector is the lack of political will as a result of other priorities. We 
have however intended to address the political interest by working out strategy for promotion of 
renewable energy in tight connection with some strategic objectives, such as social upliftment and 
job creation, which currently has political priority and could be promoted together with the 
promotion of renewable energy. These issues have been taking into consideration through our 
study and has served to create the proposed framework of to which extent the promotion of 
electricity generated from renewables can take place. In order to increase the use of renewables in 
the electricity production we have considered the technology solutions in connection with the 
expected possibilities for creating social development. 
Through our creation of three project types developed in accordance with the physical conditions 
including the resource potential as well as the technologies fitting these resources we have found 
that the physical environment for establishing energy projects in the Western Cape is in place and 
has good opportunities for wider use of renewable resources in the electricity generation in the 
short/medium-term. It is in that way technological feasible to produce 600 GWh of the Western 
Cape’s consumed electricity using renewable resources in 2012. A package consisting of landfill 
gas, wind and solar thermal power should be the Western Cape’s contribution to the launch of 
systematic use of renewable resources for electricity generation in the period until 2012.  
Though the resources and the technology are available serious problems for creating the 
opportunities for this exploitation of renewable energy resources exist, as the available resources, 
in particular wind and solar but to some extent landfill gas as well, creates energy projects with 
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electricity generation patterns, which are not in harmony with the electricity demand patterns. 
Another major constraint for the increased use of renewable energy in the electricity supply is the 
high capital costs, which characterise the projects investigated, especially solar thermal power 
projects. These high capital costs make it difficult to find investors able to finance the projects 
and thus create another problem for the renewable energy, as the investment required is large, 
but the profit obtained most likely is not. The uncertainty about the projects viability is strongly 
related to the difficulties about signing long-term power purchase agreements on the South 
African electricity market, which is problematic in connection with renewable energy projects, as 
these are more reliant on stable electricity sales conditions than conventional electricity 
generators. We identified these major problems for the introduction of electricity production 
from renewable resources in the Western Cape. These problems must be solved by regulatory 
means in order to establish an enabling environment, within which renewable energy can 
develop. 
The problem identification part of the report was an analysis on the provincial level, while the 
suggestions to overcome the problems by regulatory means is carried out on the national level, 
since the regulation in its nature is matter of legislation and the legislative power is placed on the 
national level. 
13.2 Recommendation for Regulatory Changes 
We find that introduction of tax rebates, such as exemption of VAT on equipment in the project 
construction phase and tax holiday for income from electricity sales, should be imposed for all 
renewable resource-based electricity projects. Solar thermal power, which is not cost competitive 
to other renewable energy technologies, but holds significant development potentials, should also 
receive direct capital cost subsidies, which could be financed by the Central Energy Fund. 
Another important measure in order to trigger the development of renewable energy and achieve 
the political goal for use of renewable energy in 2012 is to introduce an obligation to distributors 
electricity purchase, so 2.4% of the power purchased is from renewable sources. If the regulation 
has problems with stimulating a development path based on technology diversification, which 
would benefit the province’s development most, it may be considered to reserve a certain share 
of the obligation for solar thermal power. The distributor obligation should only be imposed in 
connection with a concurrent measure canalising the most of the economical burden to the 
metered clients saving the poorest part of the consumers from significant price increases. The 
distributor obligation could be introduced while giving the distributors, which in the future will 
be REDs, permission to establish their own bidding systems in order to comply with their 
obligations in the least expensive way, thus saving the consumers for unnecessary economic 
burdens.  
We expect that these regulatory initiatives are good measures in order to trigger a development, 
but in the long run these direct and indirect subsidies may be repealed since the existence of 
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 renewable energy in the electricity supply probably will be more permanent, if the sector over 
time is forced to exist on market-like conditions. 
The introduction of a wheeling and banking system could be one of the measures, which could 
help renewable energy to compete on the electricity market. The wheeling and banking system is 
also a good idea in the connection with the introduction of the distributor obligation, since 
distributors, and thus consumers, will be equal to the obligation regardless geographic 
circumstances. Since the distributors with the introduction of a wheeling and banking system, do 
not have to fulfil their obligation through purchase of electricity from a certain province, the 
installed capacity based on renewable resource may vary much from one province to another. 
This can cause that the Western Cape may have more or less than 600 GWh electricity 
production from renewable resources in 2012, but this will just compensate for other provinces’ 
ability to comply with the obligation. We suggest the wheeling and banking system imposed 
within the same timeframe as the subsidies and the obligations, but the future perspectives of the 
wheeling and banking system is probably more persistent and could be important part of the 
solution to the problems with the intermittent production patterns of electricity from renewable 
resources, both in the near and far future.  
Another measure which could create almost market-like conditions for renewable energy in the 
future electricity supply could be introduction of environmental labelling, where industry, which 
wants to have a green profile is given the right to promote themselves as green companies, if a 
certain share, exceeding the share of compulsory renewable energy for the consumers due to the 
distributor obligation, of their purchased electricity is produced with use of renewable resources. 
These initiatives should foster the development of more use of renewable energy in the electricity 
generation and give the renewable energy projects a grip on the market, which secure their 
permanent presence on the market in the long run. The initiatives recommended initiated are 
suggested imposed for South Africa as a whole, since the regulation is made on the national level, 
but the development traces expected to be encouraged from these initiatives are evaluated on the 
provincial level.  
13.3 Development Perspectives 
We believe that the introduced new regulation will make investment in electricity projects using 
renewable resources cluster around different development paths, depending on technology 
development amongst other determining factors. The trace which we find is the most favourable, 
and towards which there should be sought regulated, is the path, where solar thermal power plays 
a role, since the development of this technology will benefit the Western Cape and also the South 
African society in the long term. It will for instance be a good idea for industry and the South 
African government to focus on industrial development, such as local production of wind turbine 
components and development of a South African solar thermal power plant industry. Such an 
arrangement would, if not cover some of the additional expenses for use of renewable energy, 
then at least give social benefits and add business perspectives to the renewable energy 
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development strategy, thereby justifying higher costs as a part of an investment. In the short run 
industrial production of wind turbine components has a local job creation potential, if a market 
for wind turbines could be created supported by regulation, such as introduction of favourable 
taxation for renewable energy projects and a wheeling and banking system. A more future 
orientated development plan, which should be initiated, is governmental support of research and 
development of solar thermal power technologies as this development could give South Africa a 
position among the world market leaders within this industry. 
Though industrial development could justify some of the additional expenses for introduction of 
renewable energy it is very important to acknowledge that the industrial development fostered 
either by domestic or foreign investors will never happen if the development is not supported by 
means in the regulatory framework. 
Though it certainly is possible to produce 600 GWh electricity from renewable resources in the 
Western Cape in 2012, the goal may be challenging in the sense that this introduction of 
renewable energy in the bulk electricity supply only can become a reality with great efforts by 
several involved stakeholders in the energy sector. It requires creation of a legislative and 
regulatory framework initiated by the Government and DME, and willingness to spend money 
on initiating the development. This may not be easy, but research, such as this report, will 
hopefully draw attention to the possibilities for achieving other goals for the development of the 
society, while promoting renewable energy. If it is recognised that renewable energy is not only 
expensive electricity, but actually can be a part of an integrated future orientated development 
strategy, the interest for initiating the development, which can contribute to achieve the goal in 
2012, could be woken. The interest is of course essential but even if this is becoming reality, it 
will probably not be easy to fulfil the goal in 2012, as the goal is quite ambitious taking into 
consideration the current stage of renewable energy in South Africa. If the development can be 
successfully started, it may however be possible to reach a target far beyond 600 GWh in the 
years after 2012. Revision of the goal must therefore be a matter of concern throughout the years 
until 2012, but certainly also in the years hereafter, as ambitious targets with a clear strategy tends 
to encourage a development towards a more environmental sound electricity generation. 
We have relied our suggestions for fulfilling the goals on implementation of mostly solar and 
wind power, but landfill gas projects do in short term also contribute significantly. In the long 
run electricity generation from landfill gas is however recommended out phased and perhaps 
replaced by waste incineration, if this can be done without causing severe air pollution. The 
timeframe for this is wide, as it calls for a total reformation of the waste treatment system. Other 
long-term perspectives are to promote development of solar thermal power technologies in order 
to create social benefits in South African society. If the electricity output from solar power plant 
rises, wind turbines’ relative contribution to the renewable resource-based electricity generation 
must be expected to decline in the Western Cape, as the resource potential for solar power is 
better than for wind power in this region. These are development traces, which we could 
recommend for the Western Cape, but this requires changes in regulatory framework, in 
accordance with our recommendations, to become a reality. 
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 Introduction of new regulation could hopefully help to both fulfil the short-term target, but also 
initiate the long-term development. In order to increase the use of renewables in the electricity 
sector in the long run regulation must be continuously evaluated in order to control the 
development. Thus we recommend developing the sector through market-based mechanisms to 
avoid creating an electricity system relying on financial support, which is not viable in the long 
run. The great challenge is to develop a sector, which can be competitive to the conventional 
electricity system because this gives the best possibilities for a further increase in the use of 
renewables. We believe that implementing the proposed regulation and thereby stimulating the 
future development presented in this report, would be one of the more realistic ways to increase 
the use of renewable resource in the electricity sector in Western Cape. 
 119
14 Literature 
 
African Energy Journal, Power for Africa’s Future, Vol. 3 No. 4, July-August 2001 (AEJ, 2001) 
American Wind Energy Association, 25/5 2003, www.awea.org/default.htm (AWEA, 2003) 
Basketstown Landfill Site, Meath County Council, Basketstown Landfill Site Newsletter, 
December 2000 (Basketstown, 2000) 
Becker, M; Meinecke, W; Geyer, M; Trieb, F; Blanco, M; Romero, M. & Ferrière, A: Solar 
Thermal Power Plants, prepared for the EUREC-Agency, drafted version 3rd May 2000 (Becker 
et al., 2000) 
Brittain, V., 1998, Truth and reconciliation in South Africa, published Le Monde diplomatique, 
December 1998, www.mondediplo.com/1998/12/05safr (Brittain, 1998) 
Business Day Newspaper 16/5 2003, www.pbmr.co.za/press_releases/press_releases_home.htm, 
(Business Day, 16/5 2003) 
Cape Town Metropolitan Council, www.cmc.gov.za/peh/soe_changed05012000/energy_a.htm, 
www.cmc.gov.za/press/wwreport/exec_sum.html  
www.cmc.gov.za/peh/soe/energy_a.htm (CMC, 2002 + 2003) 
City of Cape Town: State of the Environment for the City of Cape Town, Summary – Year four 
2001 (CCT, 2001) 
Clark, A: Power Sector Reforms in South Africa: Plans and Progress, 2001 (Clark, 2001) 
Clark, M. & Marks, J: African Power Projects, 1999, Financial Times Energy, London (Clark & 
Marks, 1999) 
Crankshaw, P., 2002, Pushing renewables into the mainstream, published in African Energy 
Journal, vol. Jan/Feb, 2002, Johannesburg (Crankshaw, 2002) 
CSIR Africa Business Development, www.csir.co.za/plsql/ptl0002/ptl0002_pge001_home,  
www.csir.co.za/plsql/ptl0002/PTL0002_PGE100_LOOSE_CONTENT?LOOSE_PAGE_NO
=7034788 (CSIR, 2002 + 2003) 
DANCED & Department of Minerals and Energy: Bulk Renewable Energy Independent Power 
Producers in South Africa, January 2001 (DANCED, 2001) 
Danida/Ministry of Foreign Affairs: Darling 5 MW Wind Farm Demonstration Project, Action 
Research Project for private Investments in Renewable Energy, November 2002 (Danida, 2002) 
 120 
 Danmarks Vindmølleforening: Faktablad Ø 4, Investering i vindkraft, april 2002 (Danmarks 
Vindmølleforening, 2002) 
Department of Environmental Affairs and Tourism, National Core Set of Environmental 
Indicators – Phase 3: Selection of Indicators Waste Management, March 2002 (DEAT, 2002) 
De Visser, J. Equality and differentiated electricity rates and selective debt collection: Pretoria vs. 
Walker, 1999, www.communitylawcentre.org.za/localgov/bulletin1999/1999_3_equality.php 
(De Visser, 1999) 
Diab, R. D.: Wind Atlas of South Africa, DMEA (Diab, 1995) 
Department of Minerals and Energy: White Paper on Promotion of Renewable Energy and Clean 
Energy Development, Part One – Promotion of Renewable Energy, August 2002 (DME, 2002) 
Department of Minerals and Energy, www.dme.co.za, (DME, 2003) 
Eberhard, Anton A.: A Solar Radiation Data Handbook for Southern Africa, Energy Research 
Institute, University of Cape Town, 1990 (Eberhard, 1990) 
Eden, C., Combined Landfill Gas and Leachate Extraction Systems, 1994, Coventry. (Eden, 
1994) 
Elsam, www.elsam.com/potraet/PDF_filer_beretninger/groent/njv.pdf (Elsam, 2003) 
Energistyrelsen: Teknologidata for vedvarende energianlæg, Del 1, 1995 (ENS, 1995a) 
Energistyrelsen: Teknologidata for el- og varmeproduktionsanlæg, 1995 (ENS, 1995b) 
Energistyrelsen: Teknologidata for vedvarende energianlæg, Del 2, Biomasseteknologier, Januar 
1996 (ENS, 1996) 
Energistyrelsen: Affald til energiformål, 2002, www.ens.dk/sw219.asp (ENS, 2002) 
Energy Research Institute, The Clean Development Mechanism: A guide for potential 
participants in South Africa, September 2002 (ERI, 2002) 
Eskom, www.eskom.co.za/zqf/process.asp,  
www.eskom.co.za/enviroreport01/air.htm (Eskom, 2003) 
Fossil Energy International: An Energy Overview of the Republic of South Africa, 
www.fe.doe.gov/international/safrover.html, (FEI, 2002) 
GEF, Operational Program Number 6 (GEF no. 6) 
GEF, Operational Program Number 7 (GEF no. 7) 
Godier, Kevin & Marks, Jon: Financing Energy Projects in Africa, Financial Times Energy 
(Godier & Marks, 2000) 
 121
Grantham, G. Landfill Gas – Investigation, Monitoring, Control and Utilisation, p.21-34 in 
Management of Landfill Sites, 7th Annual International Conference, Sherkin Island Marine 
Station, Ireland, 1991 (Grantham, 1991) 
Holm, Dieter & Agert, Carsten: Job creation potential of renewable energies in South Africa, ESI 
Africa No. 3, 2002 (Holm & Agert, 2002) 
Hossain, J. Power problems? An answer blowing in the wind, published in Business Standard, 
New Dehli, 30/05/2002, www.winrockindia.org/news_articls_bs.htm, (Hossain, 2002) 
IRIN, COSATU strikes against job losses and food prices, published by IRIN in 
www.africahome.com, 2/10 2002, 
www.africahome.com/annews/categories/economy/EpFFVFEVlAtACSsljv.shtml (IRIN, 
2002) 
Johnston, P.O., Landfill Economics, p.49-53 in Management of Landfill Sites, 7th Annual 
International Conference, Sherkin Island Marine Station, Ireland, 1991 (Johnston, 1991) 
Kara, www.kara.dk/index.asp?hoved=Miljøanlæg&under=forbrændingsanlæg, (Kara, 2003) 
Karottki, Rene; Scähffler, Jason and Banks, Douglas: Wind Energy in South Africa – Time to 
Implement, Renewable Energy World, May-June 2001, 
www.jxj.com/magsandj/rew/2001_03/wind_energy_in_south_africa.html (Karottki et al., 
2001) 
Mallet, V.K., 2001, The use of wind energy in India – lessons learnt, 2001, Massachusetts, 
www.mit.edu/afs/athena/course/10/10.391j/www/proceedings/Mallet2001.pdf, (Mallet, 2001) 
Martens J.W., De Lange, T., Cloin, J., Szewczuk, S., Morris, R. & Zak, J.,  
2001, Accelerating the Market Penetration of Renewable Technologies in South  
Africa, for Synergy Programme,  
http://www.uccee.org/RETSouthAfrica/RETSouthAfricaReport.pdf, 
2001 (Martens et al., 2001) 
Martinussen, K. Stentoft, C.J. & Kofoed-Wiuff, A., Options for Green Electricity in South 
Africa, 2002, RUC (Martinussen et al., 2002) 
MBendi, www.mbendi.com/cef, http://www.mbendi.com/cef/about.htm (MBendi, 2003) 
Municipal Demarcation Board: Electricity Sector Report, Draft One, July 2002 (MDB, 2002) 
National Electricity Regulator, 2001, Electricity Supply Statistics for South Africa 2000, 
www.ner.org.za/publs.htm (NER, 2001)  
National Electricity Regulator, 2002, Electricity Supply Statistics for South Africa 2001, 
www.ner.org.za/publications/ess/2001%20.pdf (NER, 2002a) 
 122 
 National Electricity Regulator, Regulatory Framework for the Economic Regulation of the 
Electricity Supply Industry of South Africa, 2002, 
www.ner.org.za/Regframe/Regulatory%20Framework%20version%2011A1.pdf (NER, 2002b) 
National Electricity Regulator, www.ner.org.za, (NER, 2003) 
Oceanor, www.oceanor.no/projects/wave_energy/images/globb3.gif, 28/3 2003 (Oceanor, 
2003) 
PriceWaterhouseCoopers, Electricity Distribution Industry Restructuring Project; Working paper 
1: Regional electricity distributor definition, 2000 (PWC 1, 2000) 
PriceWaterhouseCoopers, Electricity Distribution Industry Restructuring Project; Working paper 
5: Tariffs, levies and financial transition strategies, 2000 (PWC 5, 2000) 
Schäffler, Jason Luke: Wind Energy in the Western Cape, 2001 (Schäffler, 2001) 
Smit, R: Klipheuwel Wind Turbine Data, Eskom, January 2003 (Smit, 2003) 
South African Press Association, 4/3 2003, SA Municipal Debt R24 bn; www.news24.com 
(SAPA, 2003) 
Thorne, S., SouthSouth North, The recovery and use of landfill gas at Bellville South landfill site 
(Cape Town; South Africa) - for the generation of renewable energy and subsequent utilisation by 
the adjacent industrial community using the Small-Scale Clean Development Mechanism under 
the Kyoto Protocol, 2002 (Thorne, 2002) 
Spalding-Fecher, R. Energy and Sustainable Development in South Africa, 2002, Helio 
International (Spalding-Fecher, 2002a) 
Spalding-Fecher, Randall (ed.): The CDM guidebook – A resource for CDM project developers 
in Southern Africa, Energy and Development Research Centre, University of Cape Town, July 
2002. (Spalding-Fecher, 2002b) 
Spalding-Fecher, Randall; Clark, Alix; Davis, Mark & Simmonds, Gillian: The Economics of 
Energy Efficiency for the Poor – a South African Case Study in Energy vol. 27, 2002, pp. 1099-
1117 (Spalding-Fecher et al., 2002) 
University of British Columbia, 1997, Unit 64 - Pilot Project,  
www.geog.ubc.ca/courses/klink/gis.notes/nogia/u64.html (University of British Columbia, 
1997) 
U.S. Department of State, Bureau of Economic and Business Affairs: 2000 Country Reports of 
Economic Policy and Trade Practices, South Africa, March 2001, 
www.state.gov/documents/organization/1602.pdf (U.S. Department of State, 2001)  
World Bank: Saupin, Dr. Marc; World Bank – GEF Funding For Renewable Energy Projects 
www.acre.murdoch.edu.au/unep/papers/Saupin.pdf 2001 (WB, 2001) 
 123
Vestforbrænding, 
www.vestforbraending.dk/Publikationer/GrontRegnskab/Gr%F8nt%20regnskab%202001.pdf 
(Vestforbrænding, 2003) 
Vestas Product Data, www.vestas.dk (Vestas, 2003)  
Wiltshire, V; Jones, E; King, C; Jenkins, T; Barry, R: Green Job Creation in the UK, National 
Report submitted as part of the “Awareness Campaign for Green Job Creation in the European 
Union” Supported by European Commission DGXI Unit A2 Project no:306/68/24.4.96, June 
1998 (Wiltshire et al., 1998) 
Winkler, H; Spalding-Fecher R; Sathaye, J; Price, L: Multi-project baselines for potential CDM 
projects in the electricity sector in South Africa, Journal of Energy in Southern Africa 12(4) 2001: 
449-457 (Winkler et al., 2001) 
 
 
 
 
 
 
 
 
 124 
 15 Personal Interviews 
 
Bantsijang, Matthews M.; Deputy Director for Electricity Policy & Moholola, Koena; Deputy 
Director for Generation and Transmission, Department of Minerals and Energy, 4/2 2003 
Boeije, Willie & Fleischer, Deon; Special Advisors, National Electricity Regulator, 6/2 2003 
Borchers, Mark; Sustainable Energy for Environment and Development (SEED), 13/2 2003 
Eberhard, Prof. Anton; Acting Chairman of National Electricity Regulator Board, 25/3 2003 
Friedentall, Jackie; Royal Danish Embassy, 6/2 2003. Interview not recorded 
Haskins, Craig; Key Projects Researcher, Environmental Management, Cape Town Metropolitan 
Council, 24/1 2003 
Mohamed, Prof. Ismail Jacobus; MP (ANC), Member Portfolio Committee Minerals & Energy, 
14/4 2003 
Morris, Glynn; Managing Director AGAMA Energy, 30/1 2003 
Munro, Gordon; Deputy Director of Electricity Services, Cape Town Electricity Department, 
14/2 2003 
Nassiep, Kevin; Energy Research Operations Manager, TSI, Eskom, 6/2 2003 
Otto, André; Director for Renewables, Department of Minerals and Energy, 3/2 2003 
Rask Grøn, Helena; Chief Technical Advisor, COWI Consultants, Department of Minerals and 
Energy, 4/2 2003 
Schäffler, Jason; Project Manager, Constructing an Efficient and Renewable Future (CERF), 
IIEC, 6/2 2003. Interview not recorded 
Smit, Riaan; Network Planning Manager, Eskom Western Region, 18/2 2003, Parts of 
conversation not recorded, as some of it took place during site visit at Klipheuwel experimental 
wind farm. 
Thorne, Steve; South Africa Office Team Leader & Technical Coordinator, SouthSouth North, 
28/1 2003 
 125
15.1 Informants 
 
Bill Cowan, EDRC 
Henriette Juul Eriksen, Market Analyst, Vestas 
Jørgen Knudsen, NVE Distribution 
Torben Kristiansen, Rambøll 
Manfred Küster, City of Cape Town - Electricity Services 
Gordon A. Mackenzie, UNEP Collaborating Centre on Energy and Environment, Risø National 
Laboratory 
Nthabiseng Mohlakoana, EDRC 
Søren Jes Plagborg, Product Manager, Vestas 
Prof. Gisela Prasad, EDRC 
Randall Spalding-Fecher, EDRC 
Anthony Williams, ERI, University of Cape Town 
Harald Winkler, EDRC 
 126 
 16 Appendix Index 
 
? Appendix A1 – Solar Energy Potential 
? Appendix A2 – Wind Energy Potential 
? Appendix A3 – Wave Energy Potential 
? Appendix A4 – Biomass Energy Potential 
? Appendix A5 – Micro Hydro Energy Potential 
? Appendix B1 – Calculations Landfill Gas 
? Appendix B2 – Verification Calculations Wind Power 
? Appendix B3 – Calculations Clean Coal 
? Appendix B4 – Calculations Waste Incineration 
? Appendix C1 – Peak Periods 
? Appendix D1 – CD with Personal Interviews 
? Appendix D2 – CD with Personal Interviews and Worksheets  
 
 
 
 127
